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Sunmary

A new method, including programs, to determine extremely quiet reference
levels for the separation of magnetic field observations into internal and
external fields is described. The method uses the global magnetic indices
(AE, Kp and Dst), visual examination and filtering of the magnetic
observations to determine very quiet nighttime levels; such levels have very
small perturbations due to the external sources. A regression analysis of a
number of these levels, which.are determined over a year or more, is made to
ascertain the undisturbed reference level and the secular variation. This
reference level can be used for the calculation of the perturbations of
external sources, while its secular variation can be used for studies of the
internal field. This reference level and secular variation are compared with
those that might be determined from the quiet and all day means. The programs
are written in CDC Fortran S (Fortran 77) and can readily be modified for

other computer systems.

Introduction

The magnetic field of the earth is continuously changing due to dynamic
external sources and slowly varying internal sources. The accurate separation
and modelling of these sources is an important goal of geophysics. A method
is outlined to determine the very quiet nighttime level when all known
external sources are minimal and consequently their magnetic fields are

small. From an extended series of these quiet levels, the undisturbed level



and the secular variation of the internal field can then be determined. This
undisturbed level is also ideal for the reference for obtaining perturbations
due to external sources. The procedures are outlined and the programs are
documented.

The increasing demands for improved delineation and modelling of both the
internal and external magnetic fields and their sources and variations require
a quantitative method for separating the fields. Refined modelling techniques
and improved observations during surveys and campaigns require reference
levels with accuracies of a few nanotesla. Because of the few extremely quiet
nights in high latitude regions, which are necessary for the analysis, the
instrument must be stable over an extended period. This requirement is met at
observatories where absolute measurements are frequently made, and undisturbed
levels can be determined with accuracies of ~5 nT (Walker, 1982; Campbell,
1980). The method might also be used with extended good variation data to
determine the undisturbed levels for selected intervals. However, this
accuracy may not be possible at such temporary stations as there are sometimes
drifts due to instrumental, sensor and pier changes.

The method and analysis of the data for obtaining the quiet nighttime
levels are discussed in the next section. This is followed by the method for
the determination of the undisturbed reference level. These reference models
are then compared with those that might be determined from the quiet and all
day means to ascertain if they are significantly different. The last section
briefly discusses some applications and programs for plotting magnetograms
with the undisturbed reference level and the secular variation. The programs
are listed in the appendix and the general procedure is shown in Fig. 1. Many
of the subroutines were developed in-house or modified from other general

purpose algorithms.
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Quiet Nighttime Levels

The separation of external and internal magnetic fields by selective
sampling and filtering requires some understanding of the characteristics of
each source. External sources are known to have short term variations with
periodg from seconds to a few days which are superimposed on semiannual,
annual, 11 and the 22 yr Hale solar variations. Internal sources have
long-term undulations and also possibly 11 and 3 yr variations. These
periodic long-term variations cannot be readily separated, but with knowledge
of the nature of the external source, samples can be taken when the external
fields are minimal. These samples can then be further analyzed to reduce the
effects of some external sources. The following procedure can be used to
determine the quiet levels for the preliminary separation.

(1) The initial selection of quiet nighttime intervals is made by a
visual inspection of an extended series of the magnetograms. Generally,
there are a few quiet inFervals (Fig. 2a) associated with each 27 day
solar cycle, which are suitable for further computer analysis. However,
during the 2 or 3 years of, and for a couple of years after, the solar
cycle maximum, the magnetic activity in high latitude regions is often
significant for several months. At such times it may be necessary to span
two or three months before an acceptably quiet interval can be obtained.
While these quiet nights may contain some disturbance which can be
filtered, they should also have a few quiet hours when the activity is
very low (i.e. maximum perturbation £ 10 nT).

(2) The daytime must be avoided as the sunlit ionosphere is highly

conductive at such times, which generally results in significant currents
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(3)

and hence magnetic perturbations. During the summer Aigh latitude
stations are continuously sunlit or have a short night, and consequently
are rejected by the program. During the late spring and early fall
periods, when middle and high latitude stations have short nights, the
nighttime interval is automatically reduced from 6 h to 4 h.

Slowly varying external sources, such as ring currents, cannot be
readily identified by visual inspection of magnetograms. Magnetic indices
can be used to determine intervals when these currents are minimal and to
optimize the selection of quiet intervals. The AE index (Mayaud, 1980) is
derived from the maximum positive (AU) and the most negative (AL)
disturbances in the auroral zone. An index which is greater than ~100
nT will probably be associated with asymmetric field-aligned currents.
These could cause perturbations of ~10 nT over a large region and hence
such disturbances should be avoided. Similarly, the Kp index, which
indicates disturbances in mid-latitudes, can be used as a guide for
selecting quiet intervals. Nighttime intervals should be avoided when Kp
is greater than ~1+. The Dst index is an indication of ring currents
which can cause disturbance over the entire earth. This index represents
the average magnitude of the disturbance at low latitudes, while at high
latitudes, disturbances due to ring currents may typically be half the
value of the index. Thus intervals when |Dst]| is greater than
~10 nT should be avoided. These indices are published in the IAGA
Bulletin No. 38, while the Kp index is also published in the Journal of
Geophysical Research.

The maximum values adopted at any time, for these indices are

subjective and will vary for each station, depending on its latitude and
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the solar activity. Obviously, too stringent limits on the indices and
visual selection criteria will result in too few, quiet, nighttime
intervals. It is desirable to have values at least every 3 months or so
in order to ensure that the observations are consistent and to determine
the secular and any annual variations. A few intervals, when |Dst]

may range to 15 nT, may be required for some high latitude stations during
long stormy periods. For routine operation, these extremely quiet
intervals might be selected in conjunction with the 5 quiet monthly days,
which are of similar character.

Finally, the filtering and standard deviation rejection criterion can
be adjusted in the program. For high latitude stations low pass filtering
with a cutoff at 2 or 3 hours is preferable. This might be extended to
~4 hours for mid and low latitude stations. Nighttime intervals are
rejected if the standard deviation of the filtered data during the
interval is greater than 15 nT for stations above 45° latitude. For
stations below 45° this rejection level is 8 nT.

The program, PQBLSV - preliminary quiet baselines and secular
variation (Appendix A), first initializes the filter coefficients and
other parameters, then successively reads the previously selected quiet
days from cards and searches the tape for these days. The format for the
data is that of the Earth Physics Branch's 1 min observatory data, but it
could be readily modified for other data formats. The program then
(1) determines the local nighttime interval from the station code,

(2) checks for missing data, (3) calculates the daily average and its
standard deviation, and (4) filters the data. Subsequently the nighttime

average and standard deviation are determined and checked against the
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rejection criteria. A weight proportional to the inverse of the standard
deviation is assigned to this average. Finally, the data and the quiet
nighttime levels are plotted for further visual checks (Figs. 2a and 2b).
This process is repeated for all the quiet days selected for analysis.
The program presently accommodates 97 selected quiet days, over 4 years,
from one station or up to 4 different stations, each of a year's data.
The daily and nighttime averages, standard deviations, maximum and minimum
values are all listed. The station name, latitude, longitude, date and
quiet nighttime level (average) are also put out on cards in the TAGA
format for repeat stations (see statement 300 of PQBLSV for details).
These are subsequently used as input for the final analysis of the
reference level and secular variation in the next program. However, the
last segment of the PQBLSV program also performs a linear regression
analysis in the EMR subroutine ACSO015. This routine determines the
preliminary undisturbed reference levels and the secular variations which
are then plotted with the weights using the subroutine XYLGPL (similar to

Fig. 3).

Reference Levels and Secular Variation

The quiet nighttime levels calculated from the previous program need

further checking to eliminate any erratic values and to determine any

irregular characteristics in the levels. The following outlines how the

nighttime levels are first visually checked for consistency with the

observations, then with each other, and finally on an annual basis.

Occasionally, very quiet intervals will occur during the late evening to

midnight interval, while substorms generally occur from premidnight to the
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early morning. The plots of the observations and quiet nighttime levels made
in the previous program are visually checked to ensure the computed levels are
consistent with these exceptionally quiet periods. However, in high latitude
regions an eastward convection electrojet also occurs at times in the
premidnight sector, which is characterized by a slow increase in the field
{shaded sections of X, Y and Z components, Fig. 2b). This perturbation is
often only a few nanotesla and it is sometimes difficult to identify.
Generally, if the computed quiet level is within 5-10 nT of these
exceptionally quiet levels in the magnetogram it is acceptable, otherwise the
day should be rejected. These computed levels might be manually corrected to
that of these exceptionally quiet intervals for sparse periods of data, if it
is obvious they have been offset by substorm activity.

The computed quiet levels are used for a preliminary regression analysis
(FBLSV, Appendix B) of the data. A stepwise regression analysis is best as it
allows determination of the optimum coefficients for the model (i.e., IMSL's
RLSEP). From a plot of these levels and of the quadratic function, a second
check can be made for self consistency of the levels. Those levels, which
have passed the previous test and are still more than twice the standard
deviation from the regression curve, should be rechecked for possible errors
and if erroneous they should be rejected. Such errors might be instrumental
or they may occur in the referencing of the observations to the absolute
determinations or they might also be due to some unusual external or
environmental sources. Systematic steps or offsets of several adjacent quiet
levels from the long term trend probably indicate an environmental (magnetic)

change, which should then be investigated and removed if possible.
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The second program, FBLSV, combines these new quiet nighttime levels with
those from previous analyses of earlier data to determine the final
undisturbed reference levels. An anslysis is made of all the quiet levels,
and those which are erratic or deviate from the new reference level by more
than twice the standard deviation are rejected and the analysis is repeated
until the standard deviation is similar to the expected error (£ 10 nT).

The quiet nighttime levels are also plotted with the new reference level
removed in order to reveal any systematic variations in the levels. They are
also plotted on a superposed epoch (annual) basis for a visual analysis of the
levels and a quadratic fit (regression analysis) is made to determine any
seasonal variations (Campbell, 1983).

The program reads the card output from the previous program, PQBLSV,
which has been culled by the above procedure for extraneous quiet levels.
These levels are compared with annual (all day) and quiet day means which are
also read from cards and listed with the quiet levels. An analysis is then
made of each component and other statistical parameters are also determined
and listed using the subroutine ACS015. The quiet levels, annual means, and
the reference level (regression curve) are subsequently plotted for each
component (Fig. 3). The differences of the quiet levels and the annual means
from the reference levels is then determined and plotted (Fig. 4). The
average of the difference of the all day and quiet day annual means are put on
cards for subsequent analysis of the net external current systems. The
program, AVSV (Appendix C) plots these differences (Fig. 5) and the secular
variation (Fig. 6) from the updated subroutine QBLSV. The reference levels
for the middle of the year are determined and also put on cards for secular

variation studies and the updating of earlier surveys. Finally, the
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differences of the quiet levels from the reference level are combined for a
superposed annual epoch analysis. Such annual variations may be due to
external sources (Campbell, 1983) or instrumental. A quadratic regression
analysis is made of these values and both the levels and the regression curve
are plotted (Fig. 7). Note, only the X component has a significant
variation. The coefficients of the analysis and the statistical parameters

are also listed.

Comparisons of Reference Levels and Secular Variations

Data from some observatories are thought to have errors of 5-10 nT due to
various instrumental and calibration errors and reduction procedures. Because
of these errors and those in the determination of a quiet nighttime field, is
this latter significantly different from that of say the quiet day means? The
statistical F ratio tests can be used to determine if two functions calculated
from two independent but similar data sets are different. However, such tests
do not per se determine which curve or method is the best. This test is also
used to determine if the secular variations calculated from the annual mean
differences of the nighttime, quiet day or the annual means are significantly
different.

A rigorous test of a fitted equation is cross verification of a second
similar data set. The procedure is to fit regression curves to each data set
and to the combined data sets and determine the residuals (Daniel and Wood,
1979). The F ratio is determined from the sums of squares of the residuals of
the combined sets (A) minus those of each individual set (B and C) to the sum

of the two data sets. The numerator is reduced by the number of variables (p)
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while the denominator is divided by the combined number of observations

(n+%) minus twice the number of variables (2p).

A-B-C

F = —P
B+C
n+%-2p

The regression analysis and the residual sums of squares can be
determined from standard routines such as EMR's ACS014 and ACSO1l5 (see
Appendix A) and the IMSL algorithms RLSEP, RLMUL or RLSEP. The F (p,n+%-2p)
value at the 95% confidence level for a quadratic function with about 50
combined observations is ~2.8. Thus, if the calculated ratio is greater
than this F value the data sets are significantly different.

The quiet nighttime levels were compared with the quiet day and all day
annual means for 10 Canadian observatories. Generally, a quadratic function
was used, but a few components required only & linear function while for some
others a cubic function could be used (Fig. 4, dashed curves). The F ratio
comparisons for each of the three components for the period from about 1974 to
1981 for these observatories are listed in Table 1. Those that are
significantly different are indicated by an asterik (%).

At subauroral latitudes (VIC and OTT) only the X component is
significantly different while in the auroral zone (GWC, FCC, YKC and BLC),
sometimes both the X and the Z components are different (also see Fig. 5).
These subauroral differences are expected as the quiet day and all day means
average in the Sq and Dst effects which are largest in the X component. 1In
the auroral zone both the X and Z components are frequently perturbed by

magnetic substorms, while the Y component is affected primarily by the smaller
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perturbation of the more remote field-aligned currents. The Y and Z
differences in the polar ;ap (CBB and RES) are probably due to the
perturbation of more moderate substorms and cleft current systems. Comparison
of the reference level with the quiet day level is better, nevertheless,
generally one component is significantly different. Thus, as the quiet
nighttime reference levels are physically more representative of an ideal
reference and are generally significantly different from ones that might be
determined from the quiet or all day means, it is concluded that they could be
used for references.

The secular variation is traditionally determined from the difference of
the annual means but it could also be obtained from the quiet day or the quiet
nighttime annual means. The solar cycle may contribute variations of ~10 nT
to the annual means and ~5 nT to the quiet day means, while the nighttime
levels have standard deviations of 4-9 nT. The secular variation was
determined for the three data sets and then they were compared to ascertain if
there was any significant differences. Regression curves were determined for
each set (Fig. 8) and for the combined sets. The same F ratio test was used
as for the references levels but because of the smaller data sets (~10
samples) the 90% level is used for which the significance is ~2.5. The F
ratios for the observatories are listed in Table 1 and it can be seen that,
while the quiet day values are generally less than the all day values, they
are all less than 2.5.

The secular variation was also determined by differentiating the
regression curve obtained directly from the nighttime levels (Fig. 8). This

SV curve was generally consistent with those determined by the difference
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method. However, in a few instances the curve obtained by differentiating
indicated a different trend or curvature than those obtained by the difference
method (Fig. 8, X component). This may be due to the longer series of data
(~2 yrs) for the nighttime levels than for the annual mean differences which
constrains it more than the means.

The average standard deviation of the regression curves for each
component (Table 2) was also determined for an indication of the variation in
the data sets. The nighttime and quiet day values are comparable, but the
standard deviation for the X and Z components of the all day means are
slightly greater than the others. Thus, it is concluded that either the
annual, quiet day or quiet nighttime values could be used for secular
variation studies, but that the quiet day values appear slightly more

consistent.
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TABLE 1

F Comparisons of References and

Secular Variations

References Secular Variations
Station  Component Quiet Day All Day Quiet Day All Day
X 3.6% 16.0% .15 .14
VIC Y .2 1.1 .09 .27
Z 1.1 .7 .72 .36
X 2.4 7.3x% .26 .70
OTT Y .5 .5 .01 .02
Z .2 .2 .15 .10
X 3.1% 7.8x% .01 .02
STJ Y 1.0 7.3% .29 .60
Z .8 .5 .11 .17
X 3.8% 19.2% .06 .04
MEA Y 4 2.5 .49 1.00
YA .3 1.9 .25 .41
X 3.1x 15.5% .09 .16
GWC Y 1.3 1.0 .03 .08
Z .4 2.1 .02 .04
X 5.5% 29.3% .04 .06
FCC Y .3 .6 .05 .04
Z 1.1 8.4% .06 .17
X 6.7% 27.8% .01 .13
YKC Y 1.4 4,3% .33 .28
YA 2.7 11.0% .02 .05
X .4 2.5 .07 .02
BLC Y 1.4 1.5 .15 .12
YA .4 8.0% .01 .01
X .2 .5 .02 .05
CBB Y 4,0% 4,7% .60 .48
z .9 16.5% .10 .27
X .8 .9 .16 .18
RES Y 3.8% 6.4% .47 .93
z 13.2% 3.7% .05 .65

* Significant difference
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TABLE 2

Standard Deviations for SV Analyses

Component Nighttime Quiet Day All Day
X 8.2 8.0 9.4
Y 5.4 4.9 4.8
Z 7.8 7.7 9.4

Possible Applications of the Undisturbed Reference Level

The reference levels determined from the quiet nighttime levels have
applications in the analysis and separation of internal and external fields
including determination of their sources. These reference levels can also be
used to check the data from an observatory during the final processing stage.
They might be used for better determination of the perturbations for improved
forecasts of magnetic activity for special events or campaigns and timely
synoptic presentations of activity. Further, the undisturbed reference levels
are also physically more meaningful than those that might be determined from
the "quiet day" annual means (Fig. 4), which averages the Sq and other
variations with the nighttime disturbances. Because these reference levels
have a number of applications, it is recommended that they be used for such
special studies. A program for this is PMULFL (see Appendix D), which plots
the undisturbed reference levels and the variations.

This program first initiaslizes various parameters for plotting and also
the coefficients for filtering. It then reads the required day for plotting
and searches the tape for this day. The reference levels for the day are

obtained from the QBLSV subroutine and these values are then subtracted before
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plotting the data. The coefficients for the reference levels were previously
determined from the FBLSV program. These baselines are also indicated on the
plot. Finally, the data can be filtered and again plotted. Such plots are
more meaningful with the additional baseline information, which can be used to
qualitatively determine the perturbations. These can then be used for
investigations of the nature and direction of some external current systems or
for correcting local magnetic surveys for temporal variations. From a number
of nearby stations, stack plots can be similarly prepared with reference
levels before quantitatively determining the perturbations and modeling of

external sources.
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1TAPE2,TAPEI)TAPEA,TAPES,TAPES,TAPET=300)

JK WALKER EPB/EMR OTTAWA PH (613) 9935-3345 MOD 1/2/84
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260
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IS ALSO CALCULATED AND PLOTTED.

310

SUBROUTINES REQUIREDS CALCOMPS PLOTS, FILTVLs» REVERS, AAS003, SELSTN» 320

PLOTLIBs PLOTCVs ACSO15, XLINPL

DIMENSION TOT(A),SD(4),VHIN{4)» VMAX(4)»DAT(1440),S5(1440),AVE(4),

330
340

1FI(6),T(99),CAVE(99,4)»XP(4)sTP(4)sX199),Y(99),2(99),WT(99),B8UF(9)350
CONMON IDAT(1440,4),MNVAL(4), SMARK(1440),HMK(26)» SCNP(B)»SCSYN(B),»360

1LHDZI(N)
FOLLOWING COEFe ARE FOR DATA AT I MIN SAMPLES
FOLLOWING COEFe FOR LOW PASS(30 MIN CUTOFF) BUTTERWORTH FILTER
DATA FI/=1.641066504677730,=1481211000.852595/»6/10779.452/
FOLLOVING CDEF., FOR LOW PASS(60 MIN CUTOFF) BUTTERWORTH FILTER
DATA F1/=1,81307050.8238625=1+912535904923071/56/131991.036/
FOLLOWING COEF, FOR LOW PASS(120 MIN CUTOFF) BUTTERWORTH FILTVER
DATA FI/=1,90513920¢907753,~1.958041,0.960728/,6/2277141.246/
FOLLOWING COEF. FOR LOW PASS(180 MIN CUTDFF) BUTTERWORTH FILTER
DATA FI/~1.936345,0.937525,-1.972437,0.973639/,6/11272475.060/
FOLLOVING COEFe FOR LOW PASS(240 MIN CUYOFF) BUTTERWORTH FILTER
DATA FI/=1.,952104,0,952773,-1.,979484,0.96013/,6/35234907.725/
FOLLOWING COEFe FOR LOW PASS(360 MIN CUTOFF) BUTTERWORTH FILTER
DATA FI/=1.9679635.968263,-1.986428,,986730/6/176361481,852/
FOLLOWING COEF. FOR LOW PASS(480 MIN CUTOFF) BUTTERWORTH FILTER
DATA FI/=1.975933,,976102,~1.989061,+990031/6/554292845.365/

37
380
390
400
410
420
430
440
430
460
&70
480
490
500
3510
520

NO IS THE NUMBER OF GOOD DAYS OF A STATION FOR A GIVEN NUMBER OF YEARSS30

IT IS THE TAPE NUMBER
TOPL COUNTS THE NUMBER OF YEARS THAT STATION HAS BEEN RUN
1,PLXsPLNs PLASPLC PLO» XSHy XDIV,YSH,YDIV/
10.0’0.8!0.9"10.' 200I50602030218'1207I
ISCALE=IPLOT=NOIND=1.0
INSS=4H CAN
NODEP=3
CSC=8HOS00CAN
INDSWeJDAYeO
FOR 10 MM/H USE HRLN=0,3937005; FOR 20 MM/H USE HRLN=0.7874013
HRLN=0,3937005
BUF(1)e0
CALL PLOTS(BUF,1)
CALL PLOT(0e550.55-3)
CALL FACTOR (.635)
LHOZ(1)=1HZ
LHDZ(2)=1HY
LHDZ(3)e1HX
STANDARD DEVIATION REJECTION LEVEL AND SECOND WEIGHT
IT=0
INITIALIZE FILTER COEF,
DO 51 I=1,1440
51 DAT(I)e=0
CALL FILTL(DAT»1,FI)
NQ=0
WT2e5,
TOPL=0
XDEC=HRLN/60.
INUN=O
5 SMARK(1)el.4
KDA=0
JOAY=0
YEAR®=365,
INCREMENT THE NUMBER OF YEAR AND THE TAPE NUMBER
TOPL=TOPL+1
ITe]ITe]l
DO 10 K=2,1440
10 SMARK(K)sSMARK(K-1)¢XDEC
HMR(1)sSHARK{1440)
00 30 K=1,8
D0 20 I-1,3
Ju (K=1)03+]
IF(JeNEel) HMK(J)oHMK{J~1)~HRLN
20 CONTINUE
MsTABS(K=9)
SCSYM{M)ene3,

540
350
360
570
580
590
600
610
620
630
640
650
660
670
675
680
690
700
710
720
730
740
750
760
170
790
800
810
830
840
841
850
860
870
080
890
900
910
920
930
940
950
960
970
960
9%0
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17
78
79
80
8l
82
a3
84
85

87

88

89

90

91

92

93

94

935

9

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
113
118
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
145
146
147
148
149
130
151
152
133
154
135
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[a¥sXaNaXel

o

¢

ON INPUT WE HAVE THE QUIET DAYS. AFTER THESE OAYS WE PUT A BLANK 991
CARD IF IT IS THE END OF THAT STATION OR THE END OF THE INPUT 992
CARDS, WE PUT A =1 AFTER THE QUIET OAYS IF THE FOLLOWING CARDS 993
ARE FOR THE SAME STATION BUT FOR ANOTHER YEAR, 994
30 SCNP(M)eKMK(J=2}=0,.1 1000
1010
READ IN QUIET DAYS3 STATION, DAY OF YEAR, PLOT SWITCH» CARD NO 1020
SET IDAY TO ZERO AFTER LAST DAY AND NEG FOR NEW YEAR/TAPE 1030
2 READ(5,100,END=999)CODE,IDAY, IPQBL,ICRD 1040
IF(IDAY)5,99,4 1030
IF THE DAY READ IS NEGATIVE THEN THE STATION OF THAT YEAR IS 1060
FINISHED AND THE PROGRAM WILL START ANOTHER YEAR 1070
IF THE DAY IS O THEN THAT STATION IS FINISHED PROCESSING AND 1080
WE BRANCH TO THE PLOTTING SECTION 1090
IF THE DAY IS POSITIVE THEN WE PROCESS THAT DATA 1100
WHEN WE FIND AN END OF FILE SITUATION WE CLOSE THE PLOTTING SYSTEM 1110
100 FORMAT(A4,L4514,50X516) 1120
4 1SD0=0 1130
INCREMENT NUMBER OF DAYS AND CHECK THE SEQUENCE OF THE DAY 1140
INUMe INUM+) 1150
IF(IDAY.GT.KDA} GO TO 9 1160
PRINT 284 1170
284 FORMAT(1H ,19HDAY OUT OF SEQUENCE) 1180
60 TO 2 1190
KDAsIDAY 1200
TL=0 1210
IDAY1=]IDAY=-] 1220
1230
SEARCH TAPE FOR QUIET DAY 1240
WE WILL SEARCH THE TAPE FOR ONE DAY BEFURE THE QUIET DAY 1230
SO THAT THE NEXT READ WILL ACCESS THE APPROPRIATE QUIET 1260
DAY. 1270
IF(JOAY=-IDAY1)40,70,2 1280
40 READ(ITHEND=99)IDENTT»JYR,JDAYs IHOR 1290
IF(JOAY-IDAY1) 40, 60,2 1300
WHEN THE END OF THE TAPE IS REACHED,REGRESSION ANAYSIS 1310
AND PLOTTING IS OONE 1320
60 IF{IHOR-23)40,70,2 1330
READ QUIET DAY FROM TAPE 1340
70 DO 80 I-1,24 1350
Ke{I=1)¢60+1 1360
LeK+59 1370
WE NOW READ THE QUJET DAY 1390
READ(IT,END=99) IDENTT, JYRs JOAY, IHOR, ( IDAT(J»2)» IDAT(J»3),I0AT(J5201390
1, IDAT(Is4)5d=Ks L) 1400
80 CONTINUE 1410
205 FORMAT(1H »X6s15,415,31651853F6.0) 1420
INCREMENT NUMBER OF 600D DAYS 1430
NOsNO+1 1440
ISCALE =1 1450
WT{NO)=1.0 1460
IF(NOWLE.1) THEN 1470
IF(NO.EQ,1)JYRB=JYR 1480
IFINDDIJYR,4) EQ.O)YEAR®IGO, 1490
GET STATION NAME AND COORDINATES 1500
CALL SELSTNCIDENTT,NAME,LATGR,LONGGRyLATGH, LONGGHM) 1510
DECODE( 6,400, LATGR)FLAT 1520
DECODE( 65400, LONGGR)FLONG 1530
LATTH=FLAT®1000. 1340
SORJICT=13 . 1541
IF(FLAT.LT.45,) SORJCT=8. 1542
LONGTH=(360.~FLONG)}*1000, 1550
‘LOCAL MIDNIGHT, EVENING AND MORNING TIRE(MIN) 1560
THMIDM=FLONG® 4, 1570
TEVNG=TMIDM~180. 1580
TMORN=THIDM+180, 1590
PRINT 203, IDENTT, JYRy JOAY,IHOR, Lo I, IDAT(L»2),XDAT(L,»3),IDAT(L,1) 1600
1o IDATC(Lo &) TMIDOM) TEVNGy TMORN 1610
IF{INUMsLESL1) PRINT 220 1620
220 FORMAT(BOH1 STNID NAME YR DAY HOUR 0BS MISD AVE S0 1630
1 NIN MAX WT co) 1640
END IF 1630
89 JYRTHe{JYR+JDAY/YEAR+,0007)%1000.4.5 1660
TINO)aJDAYS(JYR=JYRB)*YEAR 1670
CHECK FOR SUNLIT OR TYWILIGHT CONDITIONS AND REJECT OR REDUCE INTVERVAL1680
IFCJDAYoGE«1004ANDoJDAY LEC265) THEN 1690
IFCFLAT.GT 74115001 1700
IF(FLAT.GT.535)TL=60. 1710
END IF 1720
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156
137
158
159
160
161
182
163
164
165
166
187
168
169
170
m
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
107
100
189
190
191
192
193
19¢
199
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
219
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

[a X gl

(g Xa)

¢

¢

400 FORMAT(F6,2)

T4 IF (JDAY.GEo140,ANDJDAY,LEL205) THEN 1730
IF(FLAYT .GT,.55,1150=1 1740
IF(FLAT.GT.45,)TL=60, 1750
END IF 1760

T6 TETEVNGTL 1770
THMeTMORN=TL 1780
IF(NDO.,6T.97) GO TO 98 1790
IF(IPOBL.GT,0) GO TD B8 1800

1810
CHECK FOR MISSING DATA 1820
DO 72 Jelyl 1830

T2 TOAT(J,4)eDATLJ) 1840
00 86 I=1,3 1850
MISDe=0 1860

DO 82 J=1»l 1070
DAT(J)=IDAT(J, ) 1880
S(J)=DATY) 16890
FOR IMS DATA USE 9999 IN FOLLOWING STATEMENTY 1900
IF(DAT(J)+GE.90000+) THEN 1910
MISD=MISD+]1 1920
${J)=0,0 1930
END IF 1940

82 CONTINUE 1950
IF(MISC.67.,1000) ISDel 1960
IF{MISD.LE«1400) THEN 1970

1980

DETERMINE OAILY AVERAGE E STANDARD DEVIATION 1990
CALL AASQO3(DAT,»S»TOTCI)oAVE(I)pSOLIVsVMINC(I)pVMAXII)pLol) 2000
DO 83 Js=1,t 2010
IF(DAT(J)+GTo90000¢)DAT(JI=AVEIT) 2020

83 DAT(J)=DAT(J)=AVE(]) 2030
PRINT 210, IDENTT,CODE,JYR,JDAY, JHOR,LoMISD,AVECT)»SO(I)VHIN(I)» 2040

IVMAX(T)»TL, ICRD . 2050
2060

FILTER DATA TO REMOVE TRANSIENTS ETC 2070
CALL FILTL(DAT,L,FI) 2080
CALL REVERS(DAT,SsL,»G) 2090
CALL FILTL(DAT,L,FI) 2100
CALL REVERS(DAT»S,Ls6) 2110
DO 84 Je=l,L 2120
DAT(J)=DAT(JI)I+AVEL]) 2130

DETERMINE NIGHT TIME AVERAGE € SD 2140

B4 IF(JolTeTE OReSeGToTHISJI)I»0.0 2150
CALL AASOO3(DAT,S»TOTLI)oAVE(I)»SO(I)sVMIN(I)»VMAXIT),L,1) 2160
IF(SD(I).GToSORJCTIISDe] 2170
IF(SDU{I)CY,WT2)NT{NO)=0,5 2180
MNVAL(I)@AVE(I)¢.5 2190
CAVE(NO,I)=AVE(]) 2200
IF(SO{I)«GT.SORJCTIISCALE=2 2210
NHOR® (TM=TE) /60+%e% 2220
END IF 2230
WT{NO}=1,/50(1} 2232

86 PRINT 210, IDENTT)NAME, JYR,JDAYs NHOR, Lo MISOsAVE(I) oSO I)sVMINII)» 2240

IVHAXLI)»NTIND) 2250
210 FORMAT(1H »165A11,155815,F7¢0sF5.052FT740sF%51219) 2260
FFeSORT({CAVE(ND,»1)®CAVE(ND, 1) ¢CAVE(NO,2)SCAVEIND,2) +CAVE(NO,3)002)2270
PRINT 210, IDENTT,NAMNE)JYR)JDAY) IHOR)L pMISD, FF» TES TN 2280
IFCISDeEQ.L)PRINT 230,SORJICT 2290
PRINT 232 2300
PLOT MAGNETOGRAM AND QUIET NIGHT TIME LEVEL 2310
232 FORMAT(IH ) 2320
230 FORMAT{58H DAY REJECTED} MISS, DATA, SUNLIT OR STANDARD DEVEATION 2330
16T5F4,0) 2340
PUNCH UNDISTURBED LEVELS FODR SV STUDIES 2350
IFF=FFe,.5 2360
IF(ISDeNEs1) THEN 2370
IFCIDENTT  EQ.15265.0R. IDENTT,EQ.007298,0R.IDENTT.EQ.14241) THEN 2380
WRITE(T79300)CSCoNAMESLATTH)LONGTHoJYRTH)MNVALC3)p MNVALI2)sMNVAL(1)2390
1,IFF 2400
ELSE 2410

94 WRITE(T,300)CSCoNAME,LATTH,LONGTH) JYRTH)MNVALI2)s MNVAL(3)sMNVAL(1)2420
1,IFF 2430
END IF 2440

END IF 2450

92 IF(ISD.EQ.1)NO=NO-1 2860
300 FORMAT(AB,AL0s11X,16017,18,17,6Xs1%5,16,15) 2470

26480
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233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
230
2351
232
233
254
23%
256
237
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
283
288
287
288
289
290
291
292
293
294
299%
296
297
298
299
300
301
302
303
304
305
306
307
308

(g]

c

[aXa]

98
250

IF{15S0.EQe1) GO TO 2

CALL PLOTLB{NAME, JYRs JOAY»ISCALEs INSS)
CALL PLOTCVIISCALE,INDSW)

60 10 2

PRINT 250,N0

FORMAT(1H »X3,17HDAYS GT OIMENSION)
NQaNO=-1

LINFAR REGRESSION ANALYSIS OF QUIET LEVELS

99

90

240

201
2082
999

XMINsYMINaZMIN®70000,
XMAX=YMAX=ZMAX==50000.

DO 90 I=1,ND

I(I)=CAVE(]I,»1)

X(I)=CAVE(I,3)

Y(I)=sCAVE(I,2)

XMAX=AMAXL(XMAX,X(I))
XMINSAMIRI{XMINSX(I))
IMINSAMINL(ZMIN,Z(I))
YRAXSAMAXL{YNAX,Y (1))
IMAX=AMAXL(ZIMAX,Z (1))
YRIN=AMINLCYNIN,Y(I))
WRITE(B)T(I)oCAVECT,1)»CAVE(I»3)oCAVE(L»2)5WT(])
CALL ACSO13(ND,NOIND,NODEP,IPLOT,8,5)
REWIND 9

PLOT QUIET LEVELS AND LINEAR REGRESSION FIT
READ(9)B0O,B2

TOPL=TDPL®YEAR

TP(1)=]

TP(2)=TDPL

181=B0+BL*TP{1)

1B2=B0+B1*TP{2)

XP{1)=AMINL(ZMIN, 2B1,282)

XP(2)=AMAX1(ZMAX; I81,282)

ASH=TOPL/100.4405

CALL XLINPL(2sTPyXPoPLX,XSHsXDIVy YSHsYDIVshs4HTINEpL1y1HZ)
XP{1)e2B1

XP{2)e2B2

PRINT 240, ZAINSIMAX»XP(1)pXP(2),B0sBlp(Z(I)sI=1,12)
FORMATIIH »5FT70.00F1043,12F740)

CALL XLINPL(2,TPoXPyPLDpXSHsXDIV,YSHsYDIV»0s0,0,0)
CALL XLINPLUND»Ts2ZpPLCyXSHyXDIV,Y¥SH)YDIV20+0,0,0)
READ(9)80,81

XB1eB0+B1oTP(1)

XB2=B0+B1*TP(2)

XP{1)=sAMINI(XMINy XB1,XB2)

XP(2)=AMAX1{XMAX,XB1,XB2)

CALL XLINPLC2oTPsXPp0o1pXSHpXDIV,YSH)YDIV,0,0,151HX)
XP({2)=XB82

APl1)eXpl

PRINT 240, XMINs XMAXpXP(1)pXP(2)5B0sBle{X(I)sIelsl2)
CALL XLINPL{2,)TPoXPyPLO»XSHoXDIVsYSHsYDIV,0505151HX)
CALL XLINPLUINO,T» Xy PLCoXSHsXDIVsYSHsYDIV»0s050,0)
READ(91BO,BY

YB1+=BO+B1oTP(1)

YB2+B80+B1eTP(2)

XP(1)=AMINLI(YMIN,YB1,Y82)

XP(2)=AMAXL{YMAX, YBL,YB2)

CALL XULINPL(2,TPsXPp0elsXSHsXDIVs YSHYDIV,0505151HY)
XP(2)=YR2

XP{1)=Yp1

PRINT 240, YNINs YNAXsXP(L)sXP(2)9B0sBLs(Y(1);51al,12)
CALL XLINPL(2oTPsXPyPLOsXSHsXDIVyYSHs YDIV,50505191HY)
CALL XLINPLUND»TsYsPLCyXSHoXDIVsYSHsYDIV»0,0,0,0)
XP{1)=0,0

XP(2)s1,0

CALL XLINPL(2sTPsXPp0ol,XSHpXDIV,YSH®,5,YDIV,0,052, 2HUT)
CALL XLINPLUNO»T»WToPLC,XSHpXDIV,»YSH®,5,YDIV,0,0,0,0)
CALL PLOT(XSH®,35p=YSH®3,p=3)

PRINT 281, INUN

PRINT 282oNO0

IF(NOL.T.97)G0D TO &

FORMAT{IH »22HTOTAL NUMBER OF DAYS =,13)

FORMAT(IH ,2THTOTAL NUMBER OF GOOD DAYS =,13)

CALL PLOT(06000.0,999)

END

2490
2500
2310
2520
2530
2540
2542
2550
2560
2370
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2730
2760
2770
2780
2790
2800
2810
2820
2630
2840
2850
2660
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3l10
3112
3114
3116
3120
3130
3140
3130
3160
3170
3180
3190
3200
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SUBROUTINE FILTL (X,IS,FI)

FILTER VERSION 2

5450
36460
5470

SUBROUTINE WHICH DOES THE RECURSIVE FILTERINGs, FOR LOW PASS FILTER3480

(USE S@ FILTER FOR BAND=PASS FILTERING) 5490
IS DATA POINTS ARE IN VECTOR X 5500
FILTER COEFFICLENTS ARE IN FI 53510
5520
DIMENSION X(IS),FI(4),C(3)
DATA FHOLD»FCHK/0450.000001/ 5540
MOD3(INDEX)=eINDEX={ (INDEX~=1)/3)#3 5550
IF (ABS(FHOLOD=FI(1)).GT<FCHK)IWRITE(693) IS,FI 5550
FHOLD = FI(1) 5570
5580
START UP FILTER 3390
XIM2eX (1) 5690
XIMlex{2) 3610
XJex{3) 5620
Cll)exIM2 5630
Cl2)eXIMI+2,COXIN2=-FI(1)eC(1) 3640
CU3)exI+2,0¥XIM1eXIM2-FI(1)*CI2)=FI(2)eC(1) 5650
X(1)=C(1) 5660
X(2)oC{2)42.00C{1)=FI(3)ex(1) 5670
X(3)oC(3)¢2.0%C(2)+C(1)=FI(I)*X(2)=FI(a)eX(1) 5680
5690
FILTER REMAINING POINTS 5700
DO 2 Is4,IS 5710
XIM2eXIM1 5720
XIMlex] 5730
XIeX{I) 5740
IL=MDD3(]) 5730
IM1LeMOD3(I~1) 3760
IM2L=M003(1=2) 5770
COIL)=XT42,09XIMLeXIM2=-FI(1)*C{IMIL)=FI(2)*C(IN2L) 5780
XCI)oC(IL)42,08CIIMIL)«C{IM2LI=FI(3)OX(I=1)=FI(4)oX(]=2) 5790
IWRT=0Q 5800
DO 1 Ke=1,3 5810
IF (C(K)eEQe0s0) IWRT=] 5820
CONTINUE 5830
IF(INRT.EQ.1)IWRITE(60201)1,C 5860
FORMAT(3H I=,16,3(1X,ELl2.6)) 5850
CONTINUE 5860
RETURN 5870
5880
FORMAT { WOENTRY TO FILTL. VECTOR HAS LENGTH®™,I6," AND FILTER3890
1 COEFFICIENTS ARE™,4F10.6) 5900
END 5910
SUSBROUTINE REVERS (X, TEMP»III»G) 5920
SR TO REVERSE TIME SERIES AND DIVIDE BY MID~BAND GAIN OF FILTER 5930
SERIES IS IN X AND IS RETURNED TO X 5940
TEMP IS TEMPORARY STORAGE VECTOR, OF HALF THE SIZE OF X 5950
II1 NO. OF POINTS IN X » ASSUMED AN EVEN NUMBER 5960
(] MID=BAND GAIN QF FILTER, FROM SR GAIN 5970
5980
DIMENSION X({III)sTEMP(III/2}
NeIIIel 6000
II=111/2 6010
IVeIlel 6020
PUT X(1 TO I11/2) INTO TEMPI1 TO III/2) 6030
D0 1 Ie1,1I 6040
TEMPL{I)eX{]I)/C 6050
CONTINUE 6060
PUT X{IJI/2¢1 TO III) INTO X(IlI/2 TO 1) 6070
DO 2 I=IV,III 6080
JeN=1 6090
X{J)eX(I)/6 6100
CONTINUE 6110
PUT TEMP(1 TO III/2) INTO X(III YO Il1/2¢1) 6120
00 3 I=1,II 6130
JeN=1 6140
X{J)eTEMP(I) 6150
CONTINUE 6160
RETURN 6170
END 6180
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SUBROUTINE XYLGPLCNsXpY,AXpXSHy XOEV,) YSHyYDIVoNSXs XNAME, NSY, YNARE) 1950

PLOTS ON CALCONP EITHER LOG, SEMILOG OR LINERLY
FOR AX GT 0.9 NO AXIS IS PLOTYTED

FOR AY EQ ONE A RECTANGLE IS PLOTTED

IF AX GT 2.5 A CHACTER IS PLOTTED WITH THE LINE

IF AX LT 2.5 A CHACTYER IS ONLY PLOTTED

IF AX €EQ 0,0 ONLY THE AXIS IS PLOYTED

IF AX EQ0.% AN X TYPE AXIS IS PLOTVED

IF AX GT 20. A DASHED LINE IS PLOTTED

IF AY EQ 0,1 THEN NEW AXIS AND PLOT ABQVE OLD PLOT
IF AX GT 05 AND LT 0.9 THEN NEW FRAME AND GRAPH PLOTTED
NEWXDIV AND YOIV ARE CALC FOR LOG PLOTS

DIMENSION X(N®2),YINe2) : :

1960
1970
1980
1930
2000
2010
2020
2030
20640

2060

DATAXLo YL o XLL ANV o YMIN, YMAX ) XMIN)XMAX/Oe9»0er00000996999:999.9-99,72080

IF(ABS{AX) GT,0.9) GO TO }

CALL SCALG(XsXSHsNs1)

CALL SCALGL(Y»YSHsN,1)

XMINLeX(Ne1)

YMINLeY(N+})

XOELTAsX(N¢2)

YOELTAeY{Ne+2)

IFCAX NEcOe9AND AXGNELO. 0. AND.NT . NEL,O) GO TO 19
XLexitL

CALL PLOT(XLsYL,=3)

CALL LGAXS(040s0s0sXNAMEs=NSXyXSH)000X(Ne1lsX{N®2))
CALL LGAXS(O0.0,0.0s YNAME)NSYsYSHyQ0.0sYINGL)pY(N®2})
CALL LGAXS(0.,0pYSHp1H s 1o XSH 0. 0o XIN®L1) 2 X(NG2)}
CALL LGAXS(XSHs000s3H »=1sYSHs90.0,Y{N*11,Y{N+2))
NTs}

XLeYioxXLLl=0,0

YLLoAMAXLEXLL s XSH*&,0)

IFCABS(AX)LT.0,8) GO TO 99

NleNel

N2eNe2

X(N1YeXMINL

Y{NLl)=YHINL

X(N2)exXDELTA

Y(N2)eYDELTA

LINTYPEeAX

INTEG=ABS(AX)

CALL LGLIN(XpYsNeloLINTYPESINTEG»O)

GO TQ o9

ENTRY YLOGPL

IF(ABS(AX),GT,0,9) GO TO ¢

CALL SCALGIXsXSHoN»1}

CALL SCALELC(Y,YSHsNs1»YDIV)

XMINLeX(N®Y)

YMINLeY(Nel)

XDELTAeX(N®2)

YOELTA=Y(N#2)

XlexiL

CALL PLOT(XLsYLs=3)

XlevYleaXll 0,0

XLLeAMAXT(XLL)XSH®4,0)

CALL LGAXS(0e0s0.0sXNANE,=NSX,)XSH) 0.0, X{Nel)pX(N+2))
CALL AXIS1(06s05000, YNAMESNSY,YSH) 90,0, Y(NeL),YING2),YDIV)

CALL LGAXS(O«OoYSHaLH 21, XSH)0e0s XIN*1)pX{N®2))
CALL AXISLUXSHoO0eOplH »=1sYSHy)90,0s1.0E+93,Y(N®2)},YDIV)
IF(ABSIAX)oLT4046) GO TO 99

NleNs]

N2=N+2

(NI )IoXMINL

X{N2)=XDELTA

YI(N1)=YMINL

YIN2)YDELTA

LINTYPE=AX

INTEG=ABS(AX)

CALL LGLINEX,YsNsLsLINTYPE,INTEGo=1)

60 TO o9

ENTRY XLINPL

IFLABS{AX),GT,0.9) GO TO 7

CALL SCALEL(Y,YSHeNp1,YDIV)

CALL SCALEI(X,XSHyN,1,XDIV)
IF(ABS(AY)oLEelodeORGNT,EQ.01G0 TO 5

NleNe]

2090
2100
2110
2120
2130

2140

2150
2160

2180
2190
2200
2210
2220
2230
2240
2230
2260
2210
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2360
2390
2600
2610
2420
2430
2640
2450
2460
2470
2480
2490
2500
2510

2320
2530
2%40
2550
2560
2570
2380
2590
2600
2610
2620
2630
2640
2630
26450
2670
2680
2690
2700
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77

79
60

82
03
84
LE]
86
87
L1.]
89
90
91
92
93
94
99
96
97
90
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

[
-
o«

o 0 0o
WRNHO OOV SsWN -

> o
- &

N2eNe2
Y(N1)oXNING
X{N2)eXDELTA
Y{(N1)eYMINL
YIN2)eYDELTA
GO TC ¢
9 NTe}
8 AMINLeX(N®])
XDELTAeX{N¢2)
YRINLeY(N®})
YDELTA=Y(Ne¢2)
XLexilL
XLiL=0.,0
IFCAX NE«OoloANDoAXNELD.9) GO TO 3
30 CALL PLOT(Q0.0,YSHOs=3)
YLeYL=YSHO
X(Nel)=1.0E¢53
GO TO 40
3 CALL PLOTIXL,YL»=3)
YLe0,0
40 XL=0.0
XLLSANMAXL(XLLoXSH*4,0)
IF(AX,EQ.0.5) GO TO 9
CALL AXIS1(040s0s0sXNAME)=NSXyXSHy0o0sX(NC1),X(NS2),XDIV)
CALL AXIS1(0e0s000sYNAMESNSY)YSH)B0,0,Y{N¢1),Y(N®2),YDIV)
CALL AXIS1(0.0sYSHI1H p1sXSH)0s0s1,0E¢5350.05sXDIV)
CALL AXISI(XSHpCoOs1lH s=1sYSH)90.001.0£+53,0.0,YD1IV)
IFCAY.EQ,0,9)X(N*1)oXHINL
GO TO &
9 CALL AXIS3(0.0sYSH/2:0s XNAME)=NSXoXSHs0.0pX(NeL)pX{Ne2)pXDIV)
CALL AXIS1(XSH/2¢0s0¢00 YNARE)NSY)YSH»90.0,Y(N®1)pY(Ne2),YDIV)
& ALwABS(AX)
LeaBStAX)
IF(AL.LT.0.6) GO TO 99
IF(AXeGT o225, ANDAX LTs2+5) CALL LINE(XsYsN»15050)
TF AXoLTo=245)CALL LINE(X,V,Nplp=lsLl)
IFCAXeGTo205eANDAXLTo204)CALL LINE(XpYsNslnlol)
IF(AXeGTo20,)CALL DASHLIXsYaN»1)
99 XMINsYMINeQQ,
XMAXeYMAXe=Q9,
YSHO=YSH
END

SUBROUTINE PLOTLB (NAME,IYR» IDAY,ISCALELISS)

2710
2r20
2730
2740
2750
2760
2170
2780
2790
2800
2810
2820
2830

2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2960
2990
3000
3010
3020
3030
3040
3050
30060
3070
3080
3090
3100
3110
3120
3490

COMMON IDAT(1640s4),MNVAL{4)sSMARK(1440),HNKI24)sSCNP(D)s SCSVN(B):35ZO

1LHDZ(3)
$ ARRAYS

eeaes PLOTTING THE SCALE MARK

[a¥eXaKa

YDISPeb.3
XDISPe0.0
CALL PLOT (XDISP»YDISP,3)
XK= X0ISP=0,3
XNU% 0,0
00 10 Ie1,06
C CALL SYMBOL (XDISPsYDISP,0.10537+90400~11}
CALL TIKS(XODISP,YDISP,0.20=90.)
CALL NUMBER (XMKpYDISPy0o1,ANUN,0.05=1)
IF (I.EQ.6) GO 7O 20
CALL PLOT (XDISP,YDISP,3)
XNUMe XNUMS10,0
YOISPeYDISP¢0,.3937007874
CALL PLOY (XCISP»YDISP»2)
10 CONTINUE
20 XOISPeXDISP+0,1
CALL SYMBOL (XDISP»14%s042sNAMNESJ0+0,10)
CALL SYMBOL (99949999¢50425,155,900,3)
CALL CLOATE (IDAY,IYR,MNTH,IDATE}
XDISPeXDISPe0.3
OTFeFLOAT(IDATE)
CALL SYMBOL (XDISP»145:0.2oMNTH)9040,5)
CALL NUMBER (99969999+5062)0TF»90.02=1)
YEARFLOAT(IYR)
4 CALL SYMBOL (99945999.2042073590.00-1)
CALL SYMBOL(59949999:5042246590.00)
CALL NUMBER (999.,999,90.2,)YEAR,90.0,-1)
CALL SYmMBOL (990..9990!0-2.5“ UeTer90.,0,5%)
SNUNMBoFLOAT(ISCALEDN*3.0
CALL SYMBOL(999.0999.00.2010HSCALE VAL.»90.510)
CALL NUMBER (9994599949042, 5NUMB,90,0,~1)
C CALL SYMBOL (99945999,0062+89590.,0,=1)
CALL TES(999,,999,,0.2,90,)
CALL WHERE(XX1,YY1oFCT)
CALL SYMBOL{XX1sVY1)0s2s3H/MN590.0,3)
[4 CALL SYMBOL (9990599949 04253H/MM,90,0,3)
RETURN
END

3530
35640
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3760
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
38350
3060

3880
3890
3900
3o
3920
3930
3940
3950
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SUBROUTINE PLOTCV (ISCALE,INDSW)
DIMENSION FDAT(1440), YSHFT(3)

1200
1230

COMNON IDATEI44C 4 ) WNVALIG) » SHARKEL 460D, HMK {241, SCNP(B)»SCSYMIB) 21260

1LHDZ(3)

LBL=2HBL
Ie3
YSHFT{I}el.5

eseeslO0P STARTS HERE
CONTINUE

BVALeFLOATIMNVAL(I))=127+001.60
IF (1.6Q.2) BVALeBVALS50

SCALES DATA

20
30
40

¢ OF

[gN o}

44

S0

DO 40 Kelsl440

IF (I0AT(K,3eGTe90000.0R.IDAT(K, L) E0.9999) GO YO 20

G0 70 30

FOAT(K)=«99999,0

G0 TO 40

DISTURFLOAT(IDAT (X, ))=BVAL
FOAT(M)oYSHFT(I)eDISTUR/(L127.,001SCALE)
CONT INUE

YDSPoYSHFET(TI)e1l.66
QBLoYSHFT{I)+(MNVAL(TI)~BVAL)/(127.0¢FSCALE)
CALL SYMBOL (0.7,08L,0,2,LHDZEI),0.0,1)
CALL SYMBOL (9994099945 046491950405=1)
CALL SYMBOL{999.099942062,2HUL»040,52)
CALL SYMBOL (9996999945 0.30629000,0)
FMNVeNNVALIT)

TERMINE QUIET BASELINES AND PLOT THESE LEVELS
CALL NUMBER(0e5,08L=0,350.2,FMNV,0,0,=1)
CALL SYMBOL (0e7oYSHFTIL)»0.2,LH02{1)00.051)
CALL SYMBOL (999,,999.50.20L8Ls0.0521
D0 44 K»1,1440,15
CALL PLOTU(SMARKIK),Q8L,23)

CALL PLOTISMARK(K®+5),Q8L,2)
UPSaYSHFT(1)*2,50

IF(FOAT(1)a6To0s5.0RFOATII)oLTo0s1) FDAT{L1)eYDSP

CALL PLOT ( SMARM{1),F0AT(1),3)
FLLIMe0,]

1F (1=1) 60,%0,060
FLLIMSYSHFT(I)=1,29

c PLOTS DaTaA

60

70

80

90
100

00 100 Xe2,1440

THPVAL®FDAT(K)

IF (THMPVAL.NE.99999.0) GO TO 70O
IF (K.GT.1439) GJ TO 100
FOAT1eFDAT(K 1)
IF{PDAT1.67.90000,0} GO TO 100
IF (FOAT1.6T.8.5) FOATI®8,3
IF(FOAT1.LT.0.1) FOAT1=0.1
CALL PLOT (SMARK(K+1),FDAT1,3)
60 TO 100

IF (TMPVALLLTL.UPS) GO TO 80

IF (THPVAL.GTo9,5) THPVALe®9,.S
INDSWel

60 70 90

IF (THPVAL.GT.FLLIM) GO TO 90
IF (THPVAL.LT. 0.1) THPVALe 0.1
INDSWel

CALL PLOT (SMARK(K),TMPVAL»2)
CONTINUE

JeI

Telel

IF(1.EQe4)Io)

IF (1.EQ.3) GO YO 120
YSHFT(1)eYSHFT(J)02,539006
60 7O 10

C PLOTS BASELINES

c
120

110

130

;.;..PLD! THE TIME MARKS

L )

CALL PLOT (HMK(1),YSHFT(I),3)

00 110 Kel,y24

CALL PLOT(HMKIK),YSHFTII),2)

CALL SYMBOL (HMK(K)»YSHFT(I))0.s1+17,0.0,-2)
CALL PLOT (HMK(K)pYSHFT(1),3)

CALL TIKS(HMK(K))YSHFT(115063504)

CONTINUE

CALL PLOT (SMARKEL),YSHFT(I),2)

CALL PLOT (SMARK(1),VYSHFT(I)},3)

DO 130 IHe},@

CALL NUMBER (SCNP{IH)}»1e2s002sSCSYN(IH}»0,05=1)
CONTINUE

S2MeSMARK(1440)¢2.0

CALL PLOTY (S52M0,00=3)

RETURN

END

1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1620
1630
1440
14350
1460
1470
1480
1490
1500
1510
1320
1330
1340
1330
1560
1570
1580
1390
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1760

1790
1800
1810
1620
1830
1640
1850
1060
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
20460
2030
2060
2070
2080
2090
2100

32
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SUBROQUTINE GMSYMS(XM, YM,HT,ANG) 4810

DIMENSION XN(20)s YN(20) s XTU5)sYT(5),XG{20),YG(20) 4820
DATA YN/e20042055¢5550550¢559¢090eT0e99201510352450165%52146» 4830
1169107351655 165201e69106/ 4840
DATA YN/1e551635526291¢200rloslelBrlotsleé551e551e48s1.37» 4830
1 135141510007 9052435.09.0/ 4860
DATA XT/0eslesleslas2e/ 4870
DATA YT7/265920550005205%5245/ 4880
DATA XG/0e90255049059662906B89 0700706550052 03B80049e420¢5547248» 4890
169910016201:57 4900
DATA YGIZ-;Z.%Z-B;Z.?:1.5;1-3.1.12-1.0“6“15:.0;-39-5;.72:1.12. 4910
11-3-1.5;1.65.1.8501.5/ 4920
ENTRY TES €930
XeXM §940
YeYN 4930
IF(XeNEo999,.0RYNE.999.)} GO TO 10 4960
CALL WHERE(X»Y,FCT) 4970
CONTINUE 4980
NM=20 4990
HT=ABS(HT) 5000
FACTeHT/2.5 5010
CALL PLOTCH(FACTo)ANG)NMy XNy YNy XpVY,HT) +5020
NMs5 5030
CALL PLOTCH(FACTsANGoNM)XT s YT XpYsHT) 5040
RETURN 5050
ENTRY GAMMA 5060
XoXM 5070
YaYM 5000
IF(XeNE«9994e0RYeNEL999,) GO TO 5 5090
CALL WHERE(X»Y,FCT) 5100
CONTINUE 5110
NM=20 5120
FACT®HT/2.0 5130
CALL PLOTCHIFACTsANGoNM»XGsYGrXpYoHT) 5140
RETURN 5150
END 5160

SUBROUTINE AASOO3(A,S,TOTAL,AVERIDUP VALNs VAARSNUINY)
DIMENSION A(1),S5(1),TOTALCL),AVER(1)»SD(1)s VMIN(L),VMAX(])
D0 1 KelyNV

TOTAL(K)}=0,0

AVER(K}=0,0

SD{K)e=0.0

VMIN(K)®1.0E75

VMAX(K)e=1,0E7S

SCNT=0.0

DO 7 J=1,NO

1J=aJ=NO

IF(S(Jd)) 25,7,2

SCNTaSCNT+1,0

D0 &6 Iel,NV

IJ=1JeND

TOTAL(I)=sTOTAL(I)+A(IJ)

IFCALTII=VMINCL)) 3,456

VMIN(I)=A(1J)

IFCACTI)I=VMAXLI)) 65695

VAAX(T)eA{IJ)

SOCIN=SO(I)eA(IV)*A(]J)

CONTINUE

DO 8 lel,NV

AVER{I)eTOTALII)/SCNT
SD(I)sSQRT(ABS{(SD(I)}=TOTAL(I)*TOTAL(I)/SCNTI/{SCNT=1.0}))
RETURN

END
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SUBROUTINE ACSOL5(NCAS,NOINC,NODEP, IPLOY,LUN,IOT)
SURRQUTINE ACSO0135 (FORMERLY KNOWN AS FLUFF)

COMPUYTER SCTENCE CENTRES
FNTFQRED INTO COC 6400 EMRLIB,

PURPDSE = COMPUTE LINEAP STEP=WISE REGRESSION
LA N BN N N BN NN B S D B Y BN TR R IR BN BEE BT EE RN REE NN IR IEE T BT RN RN RN S S B
SASED ON & COMPUITER PROGRAM WRITTEN 9Y DR, K, We
AND MADIFIED BY HNWARD SOMFRS AND GEONFF CAMERON OF THE
ENERGY MTNES AND RESOUPCES
FEIRUARY, 1072

SMILLIE

DIMENSION S(41,41),SUMI&41),SD(61),X(41),CR(40),AVI40),TO0RD(40),

¢
C ** CHFCK FNR EQROP CONDITIONS
c

C
C see
C
919
c
1
?
¢
9990
9991
9992
3
9994
C
4
51
53
52
5
6
c
c
999
[
[ 7
c
C 9
8
¢
11
¢
11
12

IFINDIND,GT.40) GN TO
IFINNDFP,G7,20) GO TO
NP = NAIND

ICOF=3

N = NNARS

10 = TABS(IDT)

PFYIND LUN

PEYIND Q

316 NUTER DO LOOP

00 1229
WRITELIN, 910) JJIKLM
FOIMAT(™]

Crrrrir

SWUTec,

00 1 I=1,Np
NORD(T)eT
NPlsNPs]

DO 2 Isl,NP1
SUM(T)=0,

090 2 J=I,NP1
S(Tsd)e0,

0N 3 I[PIVal,N

READCLUN) (X{(T)y I = 1, NP},

X{NPT) o Y(IJKLM)
SWTeSWT+YT

00 3 Is1,NP)

A=Y (1)
SUM(I)eSUM(T)#A®WTY
D3 3 J=I,NP1

he4e
5555

T0

TJKLM = 1, NNDEP

DEPENDENT

SETed)uSUIsd)eA®X (I IOUT
SETaS(NPL)NPY)=SUN(NPL1)##2/SUT

REJIND LUN

WRITE(I0,4)
FOIMAT(4TH VARIABLE
N0 S I=1,NP1
SUMIT Y eSUMIT)/SWT

PRNCESS

(vy(r,

*A (60} T(4QY,NOPN(LOY,SERIGD),Y(20),R00N(40)

FACH DNEP,

var,

VARTABLE N

® 1, NODEP), ¥T

DYSCl=SORT((S(I,I)=SUTESUM(T)®*2)/(SVT=1,))

IF(DISC1151,52,52
WRITE(IO,53)DISC1

FORMAT(LHO» "FIRST SQUARE ROOT IS NEGATIVE =",E17.10 )

CONTINUE

SOUTII=SORT ((S(TrII=SUTESUN(T)I*®2)/(SWT~1,))
WRITE(IN,6)I»SUMITIHSD(T)
FARMAT{3IX,13,5%,EL7410,1%,E17.10)

VRTTE(ID, 999)
FORMAT(//1111)
N R Te1,NP
WRITF (IO, 7)1

FORMAT(/62H CORRELATION COEFFICIENY BETWEEN VARTARLES»T3,44 AND )

A=SUMIT)
CRITImS(ToI)=SuThA®®2
S{I,T)e1,

Ksle¢]

00 ® JeKsNP1

SUTad sl (SIToJ)=SUTHARSUMII) )/ {SWT=1,3)/(SDET)*SN(I))

WRITELIN,Q)S{Iad)sd

FORMAT(1X9E17610s10Hmmmwmmeac=);14)

CONTINUF

NPMYsNP=]

0f 10 Te=l,NPM]
K=Te)

D010 JesKeNP
SttyT)eS(Ty )
TOT=0,
T0FTeSWT~1,
SSR=C,

DO 24 [PIVs1,NP
[MAA=0,

N0 12 I=IPIV,NP
ReS{I,NPLI*%2/S(1,1)
IF(R=R¥AX)12512,11
RMAY=R

NEXT=T

CONTINUE

N

0

AVERAGE VALUF AND STANDARD DEVIATION/)

TueN

s 18

6190
6220
6230
6240
6250
6260
6270
6280

6310
6320
6330

6360
6370
6380
6390
6400
6410
6420
6430
6440
6450
6460
6470
6480
6490
6500
6510
6920
6530
6540
6550
63560
6570
6580
6590
6600
6610
6620
6630
6640
6650
6660
6670
6680
6690
6700
6710
4720
6730
6740
6750
6760
6770
6780
6790
6800
6810
6820
6830
6840
6850
6960
6870
6880
6890
6900
6910
6920
6910
6940
6950
6960
6970
5980
6990
7000
7010
7020
70130
7040
7050
7060
7070
7080
T090
7100
7110
7120
7130
7160
7150

- 34



96
97
98
99
100
101
102
103
106
103
106
107
108
109
1ie
111
112
113
114
11¢
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
12R
129
140
la1
142
143
144
145
146
147
149
149
150
151
152
153
1564
1558
156
157
158
159
160
161
162
163
164
165
168
167
168
169

170
171
172
173
174
173
17¢
177
172
17e

KaNDRO(NEXT) 7160
NORD{NEXT)=sNORD{IPIV) 7170
NORDCIPIV) =K 7180
INPN{IPIV) =K 7190
c 7200
SSReSSR4SSTHAMAX 7210
NG 13 Jsi,NPL 220
SAVESSINEXT,J) 7230
S(NEXT) J)=S{IPIVsJ) 7240
13 SUIPIV,J)=SAVE 72%0
DN 14 Tel,NP 7260
SAVFE=S(TsNEXT) 7270
S{TINEXT)eS{I,TPIV) 7280
1% SUT4T21V)=CAYE 7290
r 7300
PaS (DU, TDV) 7310
CLIDT ML 1DTY e, 732¢
M 15 Jai,NPl 7330
15 S{TPTIV,J)=SLIPIVeJ)I/P 7340
D0 13 Ksl,NP 7350
TF{IPIV=K)1651R,16 7360
16 PuS(K,IPIV) 7370
S{K»IPIV)=0, 7380
D0 17 Jel,NPL 7390
17 S{KsJ)mS{Ky JI=PES{IPIV,J) 7400
18 CONTINUE 7410
c 7420
SSDeSST=55Q 7430
[0FD=IDFY=-IPIV 7440
FDFD=IDFD 74%0
SMO=SSD/FDFD 7460
BOsSUMINPY) 7470
YY = SNDINP1) 7480
49100,4MAX+,005 7490
AVIIPIV)=A 7500
J=100.%A 7510
Aml 7520
T0T=TQT+4/100, 7530
00 16 I=1,IPIV 7540
KeINQD{I) 7550
BUI)=YY®S{I,NP1)/SD(K) 7560
DISC2- QRT(SMOSS(I, 1} /CRIK)) 7570
TFINT12154555+55 7580
LA LN R I PR T Y 7590
LE T s TUINN,RIETAND A1 ART 2ANT IS NFRATIVE AND =%, F17,10)0 7400
55 "TT g 74610
CEAU(TIRSIAT (SHI*SLT,T)/C0(K) ) 7420
TLT)=3(TI/SFRLT) 763¢C
16 8320 =3{1)sEUM(K) 7440
(o 7650
FPIVelPlV 7660
SMR=SSR/FPIV 7670
FeSMR/SMD 7680
IF (SM)157,57,58 7690
57 WRITE(IO,59)SMD 7700
59 FORMAT(1HO,®SMD IS ZEPD OR NEGATIVE AND «",E17.10) 7710
59 CONTINUF 7720

AsSORT (S“D) 7730

¢ 7740

C #es IF  I0 INPUT  AS  NEGATIVE, PRINT ONLY FOR LASY STAGE 7750

(s 7760
IF( INTLLEs O LAND. TIPIV o NE. NP} GO TN 24 7770

C IF((IPIV 7 2 % 2 ) oNE. IPIV o0ORe IPIV ,GE,12) WRITE(IN, 998) T780

998  FORMAT("1") 7790

(4 WRITE(IO, 999) 7000

c 7810
WREITE (10»20)TPIV,B0 7820

20 FNRMAT(17H REGRESSION STAGE,I3,10X, 16HCONSTANT TERM o ,E17,10//1067830
1H VARIABLE ORDER REGRESSION COEFT STANDARD ERROR OF COEFT T~y7840

2ALUE FNR COEFTe0 PROPOPTION OF VARIATION/) 78%0

DD 21 T=1,IPIV 7860

C IF(TIPIV.EQ.NOINDIPUNCH 492, TORD(I),RB(I) 7870
492 FORMAT(I2,3X,E17.,10) 7860
21 MRITE(TIOs22)I0RD(INsI,B(I)sSEBLTI»TI(I),AVII) 78900

22 FORMAT(3Xs[356XsI303X9E1742002X9E171058XsELT41054%X5E17,10) 7900

c IF(IPIV.EQ.NOIND)PUNCH 493,B0 7910
493 FOIMATISX»ELT7.10) 7920

WRITE(TD,23)IPIVeSSRySHR,F) IDFD,SSD 7930

23 FORMAT(4HODFR)BXs3HSSP,17Xs3HMSRy 18X, 1HF» 11X 3HOFE, TX»INSSE/1X» 1357940
13X,E1741053%9E37.1053¥9E1701051%91453%,E17.10) 7950

aR[TEATN,25)CHN,INFT, ST, TNT, 4 7960

25 FIMAT(140s AXp THMS T ) 1NN TUDFT o 7Y, UGS T, 17X 3HTNT,, 17X 34SEN/GY,EL1T L TORD

T10 e 1Yo lGelY2(R17,10e3X)} T840

24 FANTYNDE annn

- 35



- L
"0 40 I=V,Np

TEC1E2.,102NCIIINARN{T) =R ()

4" CONTINUE

WRTTE{9)8Js (RORD(I)s Tl ,yNP)
C *ise PLOT=BACK UPON PEOQUEST

C

TF(IPLITNE 4. AND TPLOT.NE. 316D TO 1221

YRITE(10,26)

26 FOAMAT (1NHO PLOTBACK/Z/I ™

INENT NDIFFERENCE(ORS - CALC)

KNTeh
SUmS0o=)
DN 23 Is=1,N
REAND(LUNY (X(
YNPL = Y{TJKL
SAVE=R)
09 27 J=1,NP
K=10'0{J)
27 SAVE=SAVE+B(J
YY = XNP1 = §
ANP1 = ABS(XN
IFCANPL oLE,
PCT = YY / XN
60 TC 2222
2000 PCT =« =100000
2222 CONTINUE
IF(IPLOTLEQ,.3
NRITE(IG»209)X

31 CONTINUE
SUMSO=SUMSQeY
KNTsKNT#+1

2R CNONTINUE

SIG=SORT{SUMSQ/ (KNT=2})

WRITE(ID»30)S

J)ls 4 = 1, NP),

M)

Y2Y(K)
AVE

P1)
l1.E=10)
Pl ¢ 100,

00000,
160 TO 31

G0 7O 2000

NP1ls SAVE,YY, PCT
29 FORMAT{IN,E1T7+10,3X5E37,10s5X»E17,10, 5X,

Y*YY

16

PER=CENT®//)

30 FNIMATI{1H0»"STANDARD DEVIATION®",F10,1)

PEITND LUN
1221 CNNTINUE
1220 CONTINUFE

60 TR 7777
¢
C ws EETUR
¢

6446 NRITF(ID» »66

NS

6) NOTNN

(Y{J)» & = 1, NODEP), WT

F 15.2)

6656 FORMAT( ™ NUMARER OF INDEPENDENY VARJABLES w=®,[8, *
CHAN MAXTMUM PERMITTED OF %50%)

GO TY 7777

5555 WRITE(IO, 8888) NODEP

88R8 FORMAT( ™ NUMBER 0OF

CHAN MAXIMUM PERMITTED OF 100%)

7777 CONTINUE
REVIND LUN
RETURN
END

DEPENDENT VARTARLFS =%",18, *

SUBRNUTINE SELSTN(IDsNAMEsLATGR9LONGGR,LATGM,LINGGM)

8010
8020
8030
040

OBSERVED DEPENDENT CALCULATED DEPENBOSO

8060
8070
1080
2090
8100
8110
8120
8130
8140
81%0
81A0
8170
8180
8190
8200
8210
8220
8230
8240
8250
8260
8270
a280
8290
8300
8310
8320
83130
8340
8350
3360
8370
8380
81390
84CO

IS GREATER 78410

8420
8430
8440

IS GREATER 718450

Coooss THIS SUBRAUTINE PERFORMS A TABLE LDOOK UP FOR NAME GENGRAPHIC
CooseoAND GEIMAGNETIC CO-NRNINATES OF A STATION FROM GIVEN 10}

DIMENSION NCR(36),LAGR{36),LAGMI{36)»LOGRI36),LOGHI36)» ICODELIS)
»10HVICTORIA

DATA NCR/10M0O
110HCHURCHTLL
2104RESLT, RAY
3104GLENLEA
4104ESKI%D PNT
S104THOMPSON
6ARY»1OHINUVIK

TALKEFTNA ,1OHNIRMAN WEL,1O0H4FT STMPSON,104FT SMITH

A104RQULDER
NATA LAGR/T7H
17H 64,3 N,7H
27H Q9,T5N, TH
37H 61,1 Ny7H
4TH T2,46N,TH
ETH 64.BBN,7H
67TH 40,13, 7H
OATA LAGM/TH
17TH 73,9 NoTH
27H 59.3 N»7H
37H 71,1 N, TH
470 TE 94N, TH
STH 64,7TNyTH
STH 49,06N,7TH
DATA LNCR/TH
17TH 96,0 W,7H1
274 0% ,25W, TH
37H 94,1 W, 7H

TTAVA

» 10HS T, JOHNS

» 10HME ANCOK

s 10H9AKER LAKE,1OHCAMBRINGE »10HGW. RTIVEP ,
KNIFE, LOHVHITESHELL o 1ONALERT

s 10HYEL,
»104MOULD BAY ,10HPELLY RAY
»10HGILLAM

»10HBACK

»10H NN STN /

4Se4 Ny TH
69,1 N»7H
B2.% NyTH
57«7 NoTH
T2.00N»TH
63,30N,7H
/
570 Ny TH
TheT Ny TH
B85.7 N, TH
T8 Ny TH
T5420N, TH
62.96N, TH
/
75.55”!7”
05,0 WsTH
6245 WsTH
Géy2 UsTH

475 NpTH
553 Ny7H
49,6 NoTH
566 Ny TH
T0e15N,TH
65.28Ns TH

58.7 ND7H
6648 NpTH
5945 N»TH
E6e5 No7H
T3I.89N,7H
69.31N»7H

527 WsTH113,.3

TT7.750s TH

C4s? Wis7H

S56eb NpTH
7‘.7 N}’H
762 N»7H
5349 N,7H
ABLISNSTH
61.8TN,TH

£149 NpTH
9341 N»TH
79,1 N,74
Ho o0 NpTH
TO&ON»TH
6T«31IN,TH

’

» LOHRANKIN LT,
»10HISLAND LKE,
»1OHFT SEVERN »10HJOHNSNAN PT,10HSACHS HARR,10MCAPE PE

s VOHARCTIC VILs10MHFT YUKON

»1O0HCOLLEGE ’

4845 Ny7TH
62.% N,

6845 N, 7H
%5.7 Ny TH
68413N,TH
60.00N,7H

5663 Ns7H
69.1 N,

78.7 N,7TH
65e4 Ny7H
60 09N TH
6T«3IN,TH

WpTH1I23.4 ¥ 7H

94.9 WyTHLI14.5 W,
97.1 WrTH119.4 W,7H

Q4T Wy 7H

89.8 W, 7H
Q749 We7H

50,8 N»

62.8 Ny
5600 Ny
665Ny
56.85€E

68.“ N'
73.0 Ny
669 Ny
66 ,80N,
66.00N,
%,1 Wy

92.1 v,
B7e6 Ws

47H118430Ws TH12%,30W s THI24,67Ws TH133 72U, THIAS . 5TW»7H145,28V,
5THL4B .05y THI50,10W, TH1264859,7H121 4384, 7H111.38W,7H101,05V,

67H10%5,33W, TH

DATA LOGM/TH35145 EsTH 2144 EpTH300,7 E,7H292,7

/

17H314,3 E,TH294,0 E,TH347,2 E,TH28T.T £,7H292.6 E,

2TH325.2 EsTH16R.T7 E»THI23,0 EpTH255.6 E,7HI1B. &
ITH320.8 EpTHIZ3,0 FoTH3I23.1 E»THI2444 Fp7H310,.3

EsTHI22,% £,

Ep7H3I22,2 E»
€y 7H333,0 E»

4T7H2T71066E0TH266015E9 TH2T0L A9 TH265460F s TH235.35E5 TH25T.64F,
STH25T7 J14E» TH256,91E ) TH2T76,76E g TH2R6.91F ,TH299,832E, TH315,87E,

67H3ILT ,40F, 7V

DATA ICODE/45284,423075352459641237931266526264521255,

/

135282,15265,88246,4026%5,007298,40263,14241,21270,27268,

229266532266534265536265936262,36272,17241,18235,20235,22226522214,

32321542%5212,28210525%5233,2R239,3026R,33259,5N02%%,000000/

8460
8470
8480
8490
8500
4350
4360
4370
4380

4410
4420
4430
4440
4450

10HY
s 104LYNN LAKE »

4470
4480
4490

4510
€520
4530

4550
4560
4570

4590
4600
4610

44630
4
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DO 10 JJ=1,35
IFLTDLNELICODE(JJI) GC TH 1C
ISTN=JY

60 TO 20

10 CONTINUE

20

CTHIS

c

ISTN=234

IFIIN FQ.35242,0R, 1D.FQ.35247) ISTN=3
TF(10,E0,?5255) ISTN=7

N3“FsNCR{ISTN)

LATRR =L AGRITSTN)

LONGGR=LNGR(ISTN)

LATEMaLAGM(ISTN)

LONGSMaLOGM{ISTN)

RETUAN

ENN

SUSRTJUTINE ORLSVIID,»JYRpJDAY,NAME,QAL,SV)

JU WALKER EPR/EMR OTTAWA 613-095=%5545

ROUYINE DETERMINES THF UNDISTURRED BASFLINES FOR THE ORSERVATORIES
FRNM THE SECLARP VARJATION COEFFICIENTS FOR EACH 18S,

CooseAND FIR QUIET QASELINES AND SV FNR EACH CCMPONENT

o

10

29

15

30

40
50

60

FOQ THE PFRION 1973-1Q81 FNR MNST OBSERVATORIES

OIMENSION ICODE(14),08C(1453)sSVLI14,2),5V0(14,3),SVC(14,3),
INCR{T 4, 0RBL(3),SV(3)

DATA NCQ/"AAKER (AKE®,"PESOLUTE B™, *MDHLD BAY %,"MEANNOK ",
IPVICTORIA  "y"WHITFSHFLL"»"GT WHALE ", "0TTAVA "y"YELLOWKNIF®™,
2%ST JOHNS Wy"ALERT ®y"FT CHURCHI®, "CAMBRIDGE *,"N1 STATION®/

DATA Q3C/ 107.4841, =797,4972» 2202.73%1, 5301,0283, 7187.0707,

1 427.7040,-3328,73645=3810,1105¢ 4518,%5803,=7898,7719,=2159,5410,
1 452.NR53y 1422,6944, 0.,0000, 4112,1774, 24K.4428, 10R3,6016,
11215541924517525.4°45,10130,3516, 9385,7159,151R0.,1366s 6R0R, 4469,
115583,96048, 2748,5289, 6985,0020, 2465,1063, 0,0000,602082.9637,
15913132445 57705,8%19,5P508R,0261,530R08,5162560297.,40306959339,5442,
12h339.7€13,59922.5048,5080R.5290,53400,3173,60707.8806,590844,1265,
1 00,0000/

DATA SVL/ 110.55887, 53.67897» 72.,44209, 23,30798, 24.,40187»

1 432,38133, =21.45849, 11,12564) =64,3R755, «12,67897,=300,%2421»
1 35.,91395, 66.,99473, 0.00000, B80.13141» =16,03955, 22.7h24é&,
1 22,9°9171, 17.9692R,1247.,24270, 56,5R437, 197,21916, 2648,49159,
1 153,75538:,=622.57TT8BA» 62.78612, e91032, 0,00000, 201.15%9599,
1 123.1R592, 122.97162» 46,80301, 5.546469,-440,25791, 82,24945,
1 35.,93151, 116.5549%4, =4,48158, 956,47479, R6.,22049, B1,1681%,
1 0.,00007

DATA SVO/=16442%953) =T742607519=10,800300s =7.225167s ~6.824%538,»
1-53,161852» 0195269, =5,3T71436, 2,046493, 4,710076, 34.560726,
1 =7.961086»=10.861396, 0,000000y =5,522173, b6,340231, «614591,
1 3,717338, 04406159=13646P133, 1,R91892,-13,667809,-23,035257,
1 =6,hN3739, 63,843973, =,%999%2, 5,138731» 0,000000,-25.%79327,
1-11.119302»=12.026542, =7.8081895, ~3,844183, 45.6694064,-13,2951919,
1=-18,018825,=13,619300, ~B8,399165,-90,849507,=12.363483, =7,866929,
1 00000/

DATA SVC/ «631219, «251501, «41916%, «2892%0, «247A90,

1 2.7538%4%» =.,007407, «213936, =~-,078R37, ~,201915%, ~-,981109,
1 «309415, «%420418, 0,000000, 026470%Q) =,2T74483, «,092175,
1 =¢250593, ~o051522, 5.102730, ~,104780,» +4621386, + 815744,
1 ¢179470, =2,079473, =,015883, =~,258371, 0.000000, « 0244137,
1 0267257, 0346171, 0253457, +136095%, -1,832160, «3565141,
1 ¢71395%50, 0449013, «260800» 3,052061, 0303221, 0193629,
1 0.00007

DATA ICODE/26264515265,14241 535245,641237,40265,35282,645284928246,
142307,07298,31266+21255,000007

00 10 JJd=1,13

IF(ID.NELICODE(SIIY GO TN 10

1STN=JJ

G TO 20

CONTINYE

ISTN=14

IF{ID.EQ¢35242.0R, ID.FQ,35247) ISTNab

TF{IDsEQ425755) ISTN=?

QDAYs JYR4 JDAY/365,25-1970,

ODAYS=IDAYSQDAY

DO 15 TC*1,3

QAL(TCI=QRCIISTN,IC)I#SVLITISTN,ICI*QDAY+SVO(ISTN,ICY*ONAYS
1+4SVCUISTN,ICI*QDAY#*QDAYS

SV(IC)IaSVLIISTNSIC)#2,#SVO(TSTN,TCI*0NaY+3,6SVC(ISTN,IC)*0QDAYS

CNNTINUE

TFUINDNEL26268,0RJYRGTL197T) GO TO 40

Q8L (3)=0BL(3)=60,

ABL(2)=Q8L(2)=5,

60 TN 60

IF(IDJNEL#2307,0R.JYP.GT.1366) GO TO 60

Q8L (1)=08L(1)+3,

ORL(2)=0BL(2)=3,

Q3L (3)=Q3L(3)=3,

NAME«NCR(TISTN)

END

4670
4680
4690
6700

4720
4730
4740
4750
4760
47170
4780
4790
4800
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Appendix

(g Na) OO0

s Xz XzNaXsNal

N0

[a Xal

B

PPIGRAM FRLSV(INPUT®100,TAPEL,OUTPUTE30C, TAPES=INPUT»TAPES=OUTPUT2530
1TAPEQ=512,TAPES,TAPET=300} 260

JK WALKER EPB PH 99%5=%5545 270
THIS PROGRAM DETERMINES THE SECULAR VARIATION FROM THE 280
UNDISTURBED LEVELS AND PLOTS IT TOGETHEP WITH THE LEVELS 290
ANNUAL MEANS ARE ALSO READ IN AND PLATTED 300
SUBS REQD} CALCOMP PLOT & SYMBOL, CLOATE, ACSC15, YLINPL, TES 310
FOR EACH STATION WE HAVE ON INPUTH 320
1) THE QUIET DAYS 330

2) BLANK CARD 340

3) ANNUAL MEANS 350

&) RLANK CARD 360

5) QUIEYT DAY MFANS 370

6) BLANK CARD 380

71 SEOR CARD 390
INTEGER TCsXCoYCo»ZCHhFA 400
DIMENSION XP(40)sTP{40) »X(20093) o XMAX(3)p)XMIN(3)sT(200),ITA(2)»RUFAL0
1(1)sXAa(2093)s TAL20),NTA(L15),XBL20,3),F(20)sTAA(3) 420
257002001, %XQ12053),BP(15,354),ZA0(3) 430
REAL LAT,LONG 440
DATA PLYX»PLOSPLASPLCIPC22PC3,XSHy XDIV,YSH, YOIV, IPLOT,NOIND,NGDEP/ 450

1 00002050699 =309=365=1200%:6512:793.1512.7» 4 3 3/460
NOIND2=2 470
INITIALIZE PLOTTER 480
CALL PLOTS(BUF,1) 490
CALL PLOT(145»0495=3) 500
CALL FACTOR(0.635) 510

NO COUNTS THE NUMBER OF OUIET DAYS: NSTN COUNTS THE NUMBER NF STATIONSS20
NSTN=0 530

5 WTeNOsNAsNQ=] 540
NSTNeNSTN+1 5%0
PRINY 205 560

205 FORMAT{'1 QUIET NIGHTTIMF LEVELS') 570
1 PRINT 220 580
220 FORMAT(' NO IC SO COUN STATION NAME ALT LAT LONG 590
1DATE MTH DAY Y X k4 F CARD?) 600
610

READ IN QUIET DAYS 620
COU IS THE COUNTRY 630
ITA 1S THE STATION NAME 640
T IS T4E TIME OF THE OQUIET DAY 650
THE VALUES OF T,Y,X AND I ARE PUT IN AN ARRAY 660
2 READ(1,100, ENDeQQO9)TIC,SOURICOUp ITA ALT, LAT,LONG, T(NO)»X(NNp3) 670
1o XINOs2) s XINDsLISF(1},ICRD 680
100 FORMAT(I1,R3,Re,A10,AT)FA,09FBeT9FT7430FBe3sF7,008XeF5.09F6,0sF3,0 690
1,161} 700

IF THE TIME IS NEGATIVES RESTART 710
IF THE TIME IS ZERO t READ ANNUAL MEANS 120
IF THE YIME 1S POSITIVE! PROCESS THAT QUIET DAY 730
IFIT(ND))5,99,3 740

3 JYR=T(ND) 750
YEAR=345, 760
IF{MOID(JIYR, &) ,EQ.0) YEAR=IO6, 770
TOAYe{TINO)=JYRI*YEAR+,5 780

GET DATE OF THE MONTH FROM SEOUENTTAL DAY OF THE YEAR 790
CALL CLDATE(INAY,JYRyMNTH,IDAE) 800
PRINT 200sNOsIC»SOUR,COUsITAS ALY, LATsLONGSTINO) o MNTH, IOAESX{ND»3),810
IX{NO»2)sX{NOs2)sF(1),ICRD 820
200 FORMAT(' ¢, T13,12,1XsRIo1XsR&»1X,A10,A79F5,05FB8e3»2F10.351X,A5,13, R30
14F8,0,18) 840
TINO)eT(NN)=1970, 850
IF(ND,GT,198) GO TO 98 860
NDO=NO+1 870

60 Y0 2 880

98 PRINT 2%50,ND 890
250 FORMAT(' ¢, I3,'DAYS GT DIMENSION®) 900
99 YMIN{1)+s IIN(2)eXMIN(3)»70000, 910
XMAX(1)wXMAX(2)oXMAX(3)®=50000, 920
NO=NQ=1 930
940

READ IN ANNUAL MEANS 980

7 PRINT 260 960
PRINT 220 Q710

260 FORMAT(®*O ANNUAL MEANS') 980
8 READ(1,110,END=999)IC,SOUR,COUs ITA»LAT)LONGy) TAINA)» XAINAS3), XMy XANIQO
1ApXA{NA, 1V, F(NA)»ICRD 1000
ICA=IC 1010
GOUAsCOU 1020

110 PORMAT(T1,23,R5,410,420F6e30FT6394XoF5,19F6e0sF3.106X9F5,00F6,0s 1030
1F5,05 8% 16) 1040
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81
82
83
84
85
86
a7
88
89
99
91
92
93
9%
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
113
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
1642
143
144
143
146
147
148
146
150
151
152
153
154
155
156
157
158
159
160
161

(s XaXsal

[z X gl

OO

IF THE TIME IS NEGAYIVE ¢ RESTART 10%0
IF THE TIME IS ZERQ t DO ANALYSIS 1060
IF THE TIME IS PNSITIVE 1 PROCESS ANNUAL MEANS 1070
IF(TA(NA)IS,14512 1080
12 XAINA,I)oXA(NA)I)+SIGN(XM,XA(NA,D)) /60, 1090
XA(NA,2)eXANA®COSD(XA(NA,3)) 1100
XAINA,3)=XANA®SINDIXA{NA,3)) 1110
SOURA=SOUR 1120
NTAINSTN)=ITA(L) 1130

XMAX CONTAINS THE MAXIMUM VALUE OF X FROM THE QUIET DAY AND ANNUAL MEAL11l40D
XMIN CONTAINS THE MINIMUM VALUE OF ¥ FROM THE QUTET DAY AND ANNUAL MEA11%0

00 11 I2xv=1,3 1160
XMAX{ TZXY)sAMAXTOXMAX(IZXY) o XA{NA,IZXY)) 1170

11 XMINCIZXY)wAMINL(XMIN(IZXY),XAINA,TI2XY)) 1180
PAINY 210,NA,IC,SOUR,COU» ITAsLAT,LONGs TA(NA) ) XA(NAS3)»XAINA)2)» XAI110Q0
INA 1) 9F(NA) » ICRD 1200
210 FORMAT(Y 9, 13,12s1XsR3,1XsRS,1Xs410,42,9X,FR352F10,3,9%X,4FR,0,19)1210
TA{NA)*TA(NA}=1070, 1220
NASNA®L 1230
PLAT=LAT 1240
PLONG =L ONG 12%0
LITA=ITA(L) 1260

GO TO 8 1270

14 NAsNA=1 1280
1290

READ IN QUIET MEANS 1300
PRINT 270 1310
PRINT 220 1320
270 FORMAT('0 QUIET DAY MEANS') 13170
9 READ(1,1205 END=QGS) IC,SOUR,COU ITASLAT,LONGo TOINQ)» XA(NO»3I)s XMy X0 {1340
1NO» 2) »XQ(NQsY)»FINQ) s ICRD 1350
120 FORMAT(I1IRI,RS,A10042,F6,3,F7:350%,F5:,3sF5.0,F2,006X9sF5,05F6.0» 1340
1F5,0,8X,16) 1370
ICA=IC 1380
COUA=COU 1390

1F THE TIME 1S NEGATIVE 1 RESTART 1400
IF THE TIME IS ZERQD t DO ANALYSIS 1410
IF THE TIME IS PQOSITIVE t PROCESS ANNUAL MEANS 1420
IF(TO(NG)I5515,13 1430

13 SOURA=SDUR 1440
NO 24 12XYel,3 1450
XMAX(EIZXYImAMAXT(XMAX(TZXY) 4 XQAINQ, TZXYY) 1460

26 XMINCIZXY)@oAMINI{XMINCIZXY)},XQ{NQ,IZXY)) 1470
PRINT 210,NQs»1CySOUR,COUsTTASLAT,LONG, TOINQ)»XQ(NO»3)sXOINO»2)» 1480
1XQ(NQ»1) 1490
15 FINQ), ICRD 1500
TO(NQ)=TO(NQ)=1970, 1510
NQsNQ+1 1529
PLONG=LONG 1530
LITA=ITA(1) 1540

G0 T0 9 15%0

15 NOsNO=1 1560
1570

ACalHZ 1580
PGsPLY 1590
CUBIC ANALYSIS 1600
16 D0 90 I=1,NO 1610
T2=TC(1)&T(]) 1620
T3eT2¢T(1) 1630

90 WRITE(BITIIIoT2,T3oX{Ip1)aX(T»2)sX(Is3),WT 1640
PRINT 205 1650
CALL ACSO1S5(NO,NOIND,NODEP,0,B8,=6) 1680
1670

REWIND(9) 1680
1690

DD 1000 IIXYe1l,3 1700

00 30 [e1,N0 1710
XMAXCTIXY )@ AMAXTOXMAX (T ZXY) »X (Do T2XY]) 1720

30 XMINCIZXVI=AMINI(XHMIN(IZXY),X{I,12YY)) 1730
Ti=IT1=T(}) 1740
IT2=T(NO)+,8 1750
NY=TDPL=(IT2~1T1)%2, 1760
NYsNY+1 1770
TP{1) =T 1780
TP(2)eT(ND) 1790
XP(1)eXMIN(TZXY) 1800
XP(2)=XMAX(TZXY) 1810
XSHeTOPL/Z4544,01 1820
TFIXSHoLT.3.5)XSHu2,#XSH 18130
CALL XLINPL(Z2,TPsXPsPGyXSHyXNTIV;YSH,YDIV,9,9H19T0+ YR,154C) 1840

CALL TES(=425,YSH*465.1%590.) 1850
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162
163
1064
165
166
167
168
169
170
171
172
173
174
179%
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
209
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
2213
224
225
226
227
228
229
230
231
232
233
234
23%
236
237

c

¢

c

c

¢

¢
¢

1

24

1

19

PLOT OBERVATIONS,QUIET AND ANNUAL MEANS
CALL YLINPLU(NO»ToX(CY»TZXY}s PLCoXSHoXDIV,YSH,YDIV905,050,0)
CALL XLINPL(NAsTAsXAL14T2XY)sPC2oXSHyXDIV,YSHyYDIVeN.0,040)
CALL XLINPLINQ»TI,XQ{1yTZXY)sPC3,XSHsXNIV,YSH,YDIV,050,0,0)
TTeT1

CALC AND PLOT REGRESSION ANNALYSIS
READ(9)80,R1,B2,83
DN 10 Is=1l,NY
TP{I)eTT
T2eTTeTT
XP{T1)eBO+BL*TP(TI4+R29T24B30T2¢TY

0 TT=TTe,5

ORINT 240, XMIN(TZXY)pXMAX{IZXY),XP{1)sXP(NY),)BNeR1»%2,83,(¥(I,17X1980
1

1Y),11,9)
0 FORMAT(?® ',5F7,00F1043,13F7.0)
CALL XLINPLUINY,»TP,XPsPLOs XSH)XDIV,YSHeYDIV,0,0,0,0)
OETERMINE DIFFERENCF OF DBSERVATIONS AND ANALYSIS
XMAX(IZXY)}w XMIN(IZXY)®=9,9
DO 168 I=1,NO
T2=T(D)*1(I)
ICsBN+B1*T(1)+B2¢T24+R3¢T2T(])
X{IoTZXY)aX(I,TZXY)}=2C
XMINCIZXY)wAMINT(XMINCIZYY)»X(To1TXY))
8 YMAX(TIZXY)sAMAXI(XMAX{TZXY),XCI,IZXY})
DETERMINE DIFFERENCE OF ANNUAL MEANS AND PEGRESSION CURVE
ZAA(TZXY)=ZAQUIZIXY)=0,0
00 19 Iel,NA
T2eTA(I}*TA(])
2AC=BO4B1OTA(I)I+B22T24B32T2¢TA(])
XA{T»TZXY)wXA(I,IZXY)=7AC
XMINCIZYY) o AMINLT(XMINCTIZXY) pXA(ToT2XY))
XMAXCIZXV)sAMAXTOAMAX(TIZYY),XALT,TI2XY))
ZAACTZXY)wZAACTZXY)+XALTI,I2XY)
XR(I,IZXY)=ZAC
TAATTIZXY)=ZAALT2XY)/NA
DETERMINE DIFFERENCE OF QUIET MEANS AND REGRESSION CURVE
D0 21 I=1,NQ
T2=To(I)eTO(I}
IAC=BO¢RB16TQ(T) B2+ T24B3I¢*T24TCQ(T)
XQUTI,I2XY)IsXQUI,IZXY)I=ZAC
XMIN(IZXY)wAMINIIXMINCIZXY),XQUT,XZXY))
XMAX(IZXY)wAMAXT{XMAX(TZXY)»XQ(I»T12XY))

21 ZAQEIZXY)=ZAQITZXY)I4XO(I,I2YY)

ZAQUIZXY) -ZAQUIZXY)/NQ
BP{NSTN,IZXY,1)=80
3PINSTNoIZXY,2)=81
BPINSTN,IZXY53) B2
SP(NSTN, 12XY,4)=B3
AC=1HX
IF(IIXYLEN.2)AC=1HY

1000 °G=0,1

CALL SYMBOL(1.09YSH¢425¢2%5 LITA»0,0610)
PUNCH UNDISTURBED LEVELS
LASEL =4H UBL
ILAT=PLAT*1000.
TLONG=PLONG*1000,
DO 41 I=1,NA
FOI)aSQRT(XB(I,3)0824YR(T,21¢¢24XB(T,1)%%2)
TCe(TA(I}+1970.)¢10
FAsF(I)s1,

XCo¥B(Is2) %1,

YCeXB{I,3)*1,

W=XB(T,1)01,

41 WRITE(7,310) ICA,SOURA,COUA,LITYA,LABEL, TLAT,TLONG,TCoY(Cs

31

30

*XCs ICoFA
O FORMAT(I1,R3,R45A10,A1051Xs 617,18, 1796X515,16,15)
PRINT AND PUNCH DISTURBED AND OUIET DAY MEANS
PRINT 300,LITA,PLAT,PLONG»ZAA(3),2ZAA(2),»744())
PRINT 300,LITA»PLAT,PLONG,ZA0(3),7AQ(2)»74Q(1)
WRITE(79300)LITA,PLAT,PLONG,ZAA(3),ZAL(2),2AA(1)
WRITE(T,300)LITA,PLAT)PLONG,ZAQ(3),2A0(2),240(1)
O FORMATIOXsA105F6e35F84353F7.1)

PLOT 'DIFFERENCES FROM REGRESSION ANALYSIS
ACs1HZ
PGaPLX

1840
1870
1840
1890
1900
1910
1920
19130
1940
1950
1960
1970

990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
234¢C
2350
2360
2370
2360
2390
2400
2410
2420
243¢
26440
2450
2460
2470
2480
2490
2300
2510
2520
2530
2540
2550
2560
2570
2580
2390
2600
2610

- 40 -



238
239
240
241
262
243
244
245
246
247
248
249
250
251
252
253
254
255
2%6
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
289
290
291
292
293
294
295
298
297
298
299
300
301
TRIVIAL
302
303
304
305
TRIVIAL
306
307
308
TRIVIAL
309
310
in
312
313
314

2000
C
c
40

42
230

60

3000
c P
999
320
325

330
RECOR
339

340
RECOR

350
RECOR
360

345

DO 2000 IZ¥Ye}l,3 2620
TP(1leT( 1) 2630
TP(2)uT(NT) 2640
XP(1) mXMINCIZXY) 2650
XP(2)=XMAX{IZXY) 2660
CALL XLINPL(2,TPsXPyPGyXSHsXDIVoYSHyYDIV,,9H1QT0¢ YRy1e1HYX) 2670
CALL TES(=e28,YSH¥¢65415,90,) 2680
CALL XLINPL(NO»ToX(1pJZXY)sPLC,YSH,XDTIV,YSHsYDIV,0,0,0,0) 2690
CALL YLINPLINApTA»XALYoYIXY)pPC2sXSHyYDIVyYSHeYNIV,0,0,0,0) 2700
CALL XLINPLINQsTQO»XOU1pI7XY)sPCIyXSHsXDIVsYSHYDIV5090,0,0) 2710
XP{1)=XP(2)=0.0 2720
CALL XLINPL(2sTPsXPoPLO»XSH»XOIV,YSHsYDIV,050,0,0) 2730
ACelHYX 2740
IFCTIZXY4EQe2)ACe1HY 27%0
PG=0,1 2760
CALL SYMSOL(1,0,YSH®425¢255LITA»0,0,10) 2770
2780
PLOT VALUES ON ANNUAL SCALE AND DD QUADRATIC ANALYSIS 2790
REWIND 8 ° 2800
DO 40 I=1,ND 2810
ITeT(I) 2820
TII)=T(D)=IT 2830
DO 42 Is1,NO 2840
T2eT{I)*T(I) 2850
PRINT 230sT»T(IDsX(1s3)sX(T92)5X(Tp1) 2860
WRITE(IITUINoT2oX(Tp2)oX(Ts2)pX(T1,3),WT 2870
FORMAT(® ', T39Fb6e353F60el) 2880
CALL ACSO15(NO,NOIND2sNODEPsQs89~6) 2890
RFWIND{(9) 2900
XSHY=3,95 2910
NYs10 2920
AC®1HZ 2930
PGePLX 2940
29%0
00 3000 17YY=1,3 N 2960
TP(1)eT1+0,01 2970
TP(2)Y=0,99 2980
XP(1)=XMINCIZXY) 2990
XP{2)=XMAX(TZYY) 3000
CALL XLINPL(2,TPoXPpPGyXSHY »XDIVoYSH) YOIV 4y 4HTINE,1,AC) 3010
CALL TES(=a25,YSH®:60¢15,90,) 3020
CALL XLINPL(NO»ToX(1pIZXY)sPLCoXSHY»XDIVyYSHyYDIV50,0,0,0) 3030
TT=T1 3040
READ(9)80Ds,B1,82 3090
DO 60 I=]sNY 3060
TP{I)eTT 3070
XP{I)uR0+R1*TT+B2TTOTT 3080
TT=TT+01 3090
CalL XLINPLUNY» TPy XPsPLO» XSHY XDV, YSHs YDIV505050,0) 3100
PRINT 240, XMIN(IIXY) o YMAX{TIZXY) oXP(1),XP(2)sB0,B19sR2,(XP(T),s1*1,123110
1) 3120
ACs1HX 3130
TFIIIXY.EQ.2)AC1HY 3140
PGe0.1 3150
CALL SYMBOL(1.0,YSH4425¢2%,L1T450.0,20) 3160
IF(NSTNG.LT.2)GD TO § 3170
UNCH COEFFICIENTS FOR SUBROUTINE OBLSV 31R0
WRITE(79320) (NTA(NS)sNS=1,NSTN) 3190
PRINTY 325, (NTA(NS))NS=1,NSTN) 3200
FORMAT(OX ) 'DATA NCR/Vp4 (1™, 4005 " %), /5(5Xst1',5(""0,A10,'",%))) 3210
FORMAT(? ¢,12A11) 3220
WRITE(7»330)L(BPINS»JICr1)pNS=IsNSTN},JCnl,3) 3230
PRINT 335, ({BPINS»JCr2)yNSe1,NSTN),JC=1,3) 3240
FORMATI6X,) "DATA OBC/'s5(F10.49'»* Vs /s6(5X,t10,6(F10e4s',1))) 3250
D LENGTH EXCEEDS 137 COLUMNS ~= MAY EXCEED /0 DEVICE
FORMAT(® 1,14F9,3) 3260
WRITE(7,340)((BP(NSpJCr2)yNS=1,NSTN)sJCm1,3) 3270
PRINT 335, ((BP(NS»JCs2)sNS=1pNSTN)sJC=153) 3280
FORMATUOXs» YOATA SVL/'»5(FL10e55%,%)p/56(5%,%10,6(F10,55%»"))) 3290
D LENGTH EXCEEDS 137 COLUMNS —--= MAY EXCEED I/0 DEVICE
WRITE(T5,350) ((BPINS»JCr3)pNS=1p)NSTN)»JCul,y3) 3300
PRINT 345, ((BP(NS»JCr3)sNSe1,NSTN)pJCe1,3) 31310
FORMAT(AX, 'DATA SVO/')5(F10e50%9%)0/s6(5Xs'1%,6(F10.%5%5%))) 3320
D LENGTH EXCEEDS 137 COLUMNS == MAY EXCEED Y/0 DEVICE
WRITE(7,360) ((APINSHJICs &) pNS=1pNSTN)I»JCe1,3) 3330
FORMAT(6Xs'DATA SVC/'»5(FL0sbs®s')s/s(5Xs91%,6(F10.6s%5%)1)) 3340
PRINT 345, ((SPINS)JCs@) sNSw1,NSTN)},JC=1,3) 3350
FORMAT(! *,14FQ.,4) 3360
CALL PLOT(0e0,0405999) 3370
END 3380
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Appendix C
c J

C AN

[ 4

100

300
10
200

12

c C

15
18

220

20
2%

210
30

PROGRAM AVSVIINPUT=65,0UTPUTe6S, TAPESwINPUT»TAPES=DUTPUT) 180
WALKER/EPR/PH 9955545 190
C THIS PROGRAM PLOTS DIFFEPENCE OF ANNUAL MEANS ANN UNDISTURBED LFVELS 20n
D THE SECULAR VARIATION FNR ALL STATIONS, 210
DIMENSION AY(15)0AY(15)sAZ(15)sXP{4)YP(4),080(3)sSVI3)H»PLAT(15), 220
19UF (1) ISTNU15),PYR(15) s NAME(15) 230
DATAPULN, PLOsPLOLePLC XL s XDT s YL T YDTI/00s249210a5=3036.31912.753.1y 240
112,77 250
CALL PLOTS(BUFs1) 260
CALL PLOT(14550455=3) 270
NSTN=113 780
LOT QUIET AND ALL DAY AVERAGES 290
XP(1)=50, 300
Xp{2)s=po, 310
YP(1lle=3q, 3z2¢
YP(2) =29, 331
CALLYLINPLUZyXYP,YPsPLN, LT, XNTsYLT»¥NT» 10, 1I0HGEDMAG LAT,5,54FTELD)I 340
CALL TES(=e25sYL7%.655,15090,) 350
SLG=PLY 352
D0 12 Jel,2 360
MO 10 Tel,NSTN 170
READ 100, TSTN(I)sNAMF(I)sGLATI)GLONGAY(T),AX(T)A7(T) 380
FORMAT(I60A10»F643,F0,3,3F7,1) 390
CALL SELSTN(ISTN{I)sNAMF1,GGLAT»GGLONG»GMLAT,GMLONG) 392
DECNCE(6s300s GMLATIPLAY(I) 394
FORMATIF6.2) 396
PRINT 200, ISTNUT)sNAMELID},PLATLTIY»AYII)»AX(1),42(]) 400
FNOMAT(1H »IB,3X»A10,FB8,353FB.3) 410
CALL XLINPLUINSTNSPLAT AZsPLGyXLTo»XDI»YLT,V¥YNI»0»0,0,0) 420
CALL XLIN " (NSTN,PLAT,AXsPLCyXLT»XDIsYLT,YDI»05050,0) 430
CALL XLINPLUNSTNSPLAT,AY,PLG,»XLTsXDI»YLT,YDI»0,0,0,9) 440
PLG=PLG*20. 450
IC=8HZ? /YR 440
IXe 4HTIME 470
INe & 480
(€ 1% 490
NY=8 500
ALCe AND PLOT SECULAR VARIATINN 510
DO 30 L=1,3 520
JOAY=O 530
YP(1)e==29, 540
YpP(2)=29, 550
YP(1)=JYRB=1972 360
XP(2)a)YRL=1982 570
Ke=1 580
NN 18 JeJYRByJYRL,3 590
DN 15 I=1,NSTN 600
IF(QISTN(T) EQo402630RISTN(T)EQe07298) ,AND,JoLT.1977)6G0 TO 15 610
CALL OALSV(ISTN(I)sJyJDAY,NAM»Q8L,SV) 620
YP{1)sAMINI(YP(1),SVIK)) 630
YP(2)»AMAXI(YP(2)sSV(K)) 640
CONTINUE 650
XLT=(JYRL=-JYRA#0e1)/2.54 660
IF{KeEQ,1)YLTw3,3 670
CALL XLINPLU2,XPyYPpPLNy XLT o XDI»YLT,YDI»INsTY»B,TC) 680
CALL TES(-o25,YLT#,45%,,15,30,) 690
PRINT 220¢(XP(T)pYP(T}yT=1s4) 700
PLG=PLO 70
FOPMAT(* *,8F9,2) 720
DO 25 Twl,NSTN 730
JDAYsNY=Q 740
DO 20 J=JYRB, JYRL 750
IF(ISTN(I)WEQe40265,AND+J.GT.19811G0 1O 20 782
TFUCTISTN(T) oEQe%0265,0R¢ISTN(T)EQ.07298) (ANNPJ LT,1977)60 TO 20 760
NYsNY¢l 762
PYRINY)= 770
CALL OALSVIISTN(T)»JsJDAY,NAMsOBRL,SV) 789
AZINY)eSV(K) 790
CONTINUE 810
CALL XLINPLUNYyPYRyAZsPLGHXLTpXNTs¥YLT,Y01,05,050,0) 820
PRINT 210, ISTNIY),NANFIT) ST (PYRUJ)»AZ(J)sI=1,NY) 830
IF(T.GT,4)PLG=PLDL 840
IF(T.CGT,B)PLGmPLG420D, 850
ICe8HY? /YR 860
FORMATI® *51653XpA10,13,16F7.16/s" '519F7,1) BT0
TF(KeEVe2)1CoBHY! AL 880
PLN=0,1 890
CALL PLOT(0.0,0,0,999) 900
END 910
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Appendix D

Xz Xg) a0

[aXal

C

PROGRAM PMULFL({INPUT=65,0UTPUT=300, TAPEI,TAPES=INPUT,TAPES=AUTPUT,»210

1DEBUG=OUTPUT, TAPER2) 220
THIS PROGRAM PLOTS THE UNDISTURSBED NIGHT TIME LEVEL NF QUTET DAY 230
AND THE MAGNETIC DATA; THE DATA CAN ALSO 3E LOW PASS FILTERED 240
SUBS REQD: CALCOMP PLOTS, FILTL, RFVERS, O0ALSV, PLOTLB, PLOTCV 250

DIMENSINN OBL(3),SV(3)sDAT(1440)»S(1440),FI(4)sBUF(1) 260
COMMON TDAT(1440,4) s MNVAL(4)s SMARK(1440),HMK (28] ,SCNP(B),SCSYM(B),270

1LHDZ(3) 280

FOLLOWING CDEF. FOR LOW PASS(30 MIN CUTOFF) SUTTERMOOTH FILTFRQ 290
DATA FI/=1+64106650.6777300~1,8212110,0.85259%5/,G/10779,4%52/ 300
FOLLOYING COEF, FOR LDW PASS(60 MIN CUTOFF) BUTTERWORTH FTLTER 310
DATA FI/=1,813R70,0,823R62,-1.912535,0,923071/,G/151991.,036/ 320
INSS=10HCANADA 1 330
ISCALE=2 340
INDSW=JDAY=0 350
HRLN®=0,7874015748 360
FOR 10 CM/HR USE HRLN=0,393700 370
HRLNe0,393700 380
CALL PLOTSIBUF,1) 390
CALL PLOT(0,550.55=3) 400
LHDZ(1)®luHX 1 %10
LHDZ(2) =10HY 1 420
LHDZ(3)®10HZ 1 430
NDl=ITe0 440
XDEC=HRLN/600 430
DAT(1)aDAT(2)=DAT(3)=DAT(4)=0.0 460
CALL FILTLUDAT,1,FI} 470
PRINT 220 ' 480
220 FORMAT('1 T STN NAME Y2 DAY RDAY 08S QD70 YQBL YSV 490
1X0BL XSV ZOBL ISV FIL") 500
SHARK(1)e1.4 510
1 ITeITel 520
NO=JDAY=D 530
RFAD IN QUIEY DAYS 540
2 READ(55100,END=9@INSTHMNI,» IDAY HIN, TFIL 550
TF{EOF(5).NE.0) GO TO 99 560
100 FORMAT(T4s135145212) 570
TFUIDAY.EQ.0) 6O VO 1 580
IDAY1=1DAY-1 590
DO 10 K=2,1440 600
10 SMARK(K) =SMARK(K=1)4XDEC 610
HMK (1) =SMARK (1440) 620
D0 30 Ke=1,8 630
DO 20 I=1,3 640
Je(K=1)¢341 650
IF(J.EQ.1)60 TO 20 660
HMK (J ) =HMK ( J=1)=HRLN ) 670
20 CONTINUE 680
MeIABS(K=9) 690
SCSYM(M) eH®3, 700
30 SCNPIM)=HMK({J=2)=0,1 710
SEARCH TAPE FOR DAY 720
IF(JDAY=TIDAY1)40,70,2 730
40 READ(IT,END=99) IDENTT,JYR,JDAY, IHOR 740
TE(FOF{IT).NE,O) 6O TO 1 750
IF(JOAY=T0AYL1140,60,2 760
60 IF(IHOR=23140570,2 770
70 DO 80 I=1,24 780
Ke{I=1)960+1 790
LeK+59 800
READ(IT,END=9Q) IOENTT» YR, JDAY, THOR, (IDAT{Js1)» IDAT(S52), IDAT(Is3)810
15 10AT(Js4)pduKsL) 920
IF(EOF{ITI.NELO) GO TO 1 . 8130
80 CONTINUE 840
NO=NO+1 850
QDAY= (JYR=1970)+JDAY/36%. 960
PLOT MAGNETOGRAM AND QUIET NIGHT TIME LEVEL 870
CALL Q3LSVIIDENTT,JYR,JDAY,NAME,QBLsSY) 880
DO B2 1=1,3 890
82 MNVAL(T)=0QBLI(T) 900
CHECK IF RESOLUTE, MOULD BAY OR ALERT AND SWITCH COMP, 910
TFCIDENTTONE 15265, ANDe TDENTT . NEL 007298, AND, IDENTT,NEL14261)60TD87920
LHDZ(2) a1HX 930
LHDZ (1) e 1HY 940
87 PRINT 210, 1T, T0ENTT/NAME,JYR,)JDAY,IDAY L, ODAY, (MNVALIT)SSV(T), 950
11=153)IFIL QA0
210 FORMAT(Y %,12,16,A11,4T5F7e3,15,F5.1,1%9,F5.1,16,F641,13) 970
CALL PLOTLB(NAME,JYR»JDAY,ISCALE, INSS) 980
PRINT 210sIT»IDENTTY,NAME,JYR, JDAY,IDAY,LsODAY, (MNVALCT),SV(T)) 990
11153), 1FIL 1000
CALL PLOTCVCISCALE, INDSW) 1010
PRINT 2105 IV, IDENTToNAME, JYR, JOAY,TDAY,L, QDAY, (MNVAL(T),SV(I), 1020
11=1,3), IFIL 1030
IF(TFIL.EQ.0)GD TO 2 1040
FILTERS DATA 1050
00 86 Is1,3 1060
DO 85 Jelsl 1070
DATIJ)=IDAT{JsI)=MNVALLT) 1080
85 IF(IDAT(J,s1).6T.9000010AT(S)=0,0 1090
CALL FILTLIDAT,LsFI) 1100
CALL REVERS(DAT,S,L,6) 1110
CALL FILTL(DATsLsFI) 1120

CALL REVERS(DAT»S»L»G) 1130
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94 00 86 Je=lsl 1140

95 86 IDAT(JsI)eDATIJ)¢MNVALIT) 11%0
96 INDSW=0 1160
97 CALL PLOTLB(NAME»JYR, DAY, ISCALE,INSS) 1170
98 PRINT 210, IT,I0ENTT)NAME, JYR, JOAY, IDAY, Lo ODAY, (MNVALITI»SVIT), 1180
99 1Te193)0 IFIL 1190
100 CALL PLOTCV(ISCALE, INNSW) 1200
101 PEINT Z]OoITnXDENTfiNA"EoJVRgJDIVpIDAY;L;ODAYJ(MVVAL(T‘}SV(Y): 1210
102 11=1,30 IFIL 1220
103 60 TO 2 1220
104 99 CALL PLOT(0.0,040,999) 1260
108 END 1250

1 SUBROUTINE CLDATE (DAY, YRyMNTH,»DATE) : 3960

2 ¢ 3970

3 ¢ esssess THIS SUBROUTINE DETERMINES THE DATE OF A GIVEN SEQUENTIAL 3980

4 ¢ DAY OF AN YEAR 3990

L t esesesDAYSYR,)AND DATE MUST BE DECLARED INTEGERS IN THE MAIN PROGRA4000

6 ¢ esesssDAY IS THE SEQUENTIAL DAY OF THE YEAR YR =-=BOTH INPUT 4010

7 ¢ esesssTO THE SUBRDUTINE 4020

8 ¢ esesesMNTH IS THE OUTPUT MONTH IN ALPHA 4030

9 4 eesessDATE IS THE OUTPUT DATE IN NUMERIC 4040

10 ¢ 4050

11 INTEGER DATE,DAY, YR 4060

12 DIMENSION IA(12), MOTH({12) 4070

13 DATA MOTH/SHIANe »SHFEB. »5HMAR, »SHAPR, ,SHMAY ,SHJUNE »SHIULY ,4080

14 15HAUG. »5SHSEPT.»5HOCT. »5HNOVe »SHDEC. / 4090

13 DATA IA/31528531»30531530,31,31,30,31,30,31/ 4100

16 INOLP=O 4110

17 ¢ 6120

18 ¢ esecesLEAP YEAR TEST 4130

19 ¢ 4140

20 LTeYR=100*(YR/100) 4150

21 IF (LT) 10,10,20 4160

22 10 LTesYR=400¢(YR/400) 4170

23 If (LT) 40,30,40 4180

26 20 LTeYR=4%(YR/4) €190

28 IF (LT) 40,30,40 4200

26 30 INDLPel 4210

27 40 IF (INDLP-1) 60,50,60 4220

28 50 14(2)=29 4230

29 G0 TD 70 4240

30 60 Ia(2)=28 4250

21 70 1C0L =0 4260

32 DO 80 I=1,12 €270

33 ICOLICOL+TALI) 4280

34 IF (ICOL.GE.DAY) GO TO 90 4290

EL ] 80 CONTINUE 4300

36 90 DATEsCAY=({ICOL=TA(I)) 4310

37 MNTHeMOTH(T) 4320

38 RETURN 4330

19 END 4340
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