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l. INTRODUCTION

The radiance measurements by the multichannel filter radiometer (MFR), a
scanning instrument carried on the Defense Meteorological Satellite Program
(DMSP) Bioek 5D series of satellites (flight models Fl, F2, F3 and F4), were used to
calculate the total column ozone globally for the period March 1977 through
February 1980. The infrared MFR sensors made both daytime and nighttime
observations, tt}w permitting a possible 67,500 observations every 24 hours by each
satellite. These MFR instruments were unique in that they each had a channel for
measurement of upwelling radiation in the 9.6 ym band of ozone.

Uncalibrated radiance data on magnetic tape were sent to Lawrence
Livermore National Laboratory (LLNL) thruughout the data period from the Air
Force Global Weather Center (AFGWC). These data were then calibrated and
mapped to earth coordinates at LLNL. We derived total column ozone from these
calibrated radiance data (Lovill et al., 1978, 1983; Luther, 1980) and placed both the
ozone and calibrated radiance data into a computer data base called SOAC (Satellite
Ozone Analysis Center). The uncalibrated radiance data tapes were initially sent on

to the National Climate Center, Asheville, North Carolina and then to the Satellite

DISCLAIMER

“This repoart was pre E
oo un:ﬂﬂb;;ﬁ:&g:y:::ﬁﬂt:; o"wwork sponsared b, an agency 0f the United States Government,
wrtanty, ngress or " L nor any agency thereol, nor any of iheir emp, yens, make:nn;

e . ;)'L "a:m"?s any (cg::l nab.Ali:y or tespansibility §3r the accuracy, uTmN UF TH‘S DOBUMEH
represents thal s use would not wininge nrwn!elq’y owned ‘,h K Rotoienme fampe diklosed, or “‘STP“B
commercial product, process. o service m
not necussarily constijute or
States Government or any age

ts. Reference herein to any sp

4 ecitic
o By trade nama, trademark, manufacturer, or b, Yerwise, does
Moy its endorsement, recommendation, or favoring b the United

ney thereof. Tha viees and o
o 43 30d Guirions of authors ossed
riecessaily state o reflect those of the Linited States Gavernment nt any aaene ?:f" " erain da not

118 UHLIMAED
/

/



~

-2~

Data Services Branch /EDS/NOAA, Suitland, Maryland where they were archived.
Copies of the data base containing the total ozone and the calibrated radiance data
reside both at LLNL and at the National Spuce Science Data Center, NASA
Goddard Space Flight Center, Greenbelt, Maryland.

The data base was constructed on a VAX 11/780 computer with a VMS
'operating system using the FRAMIS code, a relational data base manager. The data
base can be implemented on any VAX system with a VMS operating system providing
that the system has sufficient disc space to hold one day of data, i.e., approximately
25,000 blocks on a disk are required to contain the largest data day. The FRAMIS
code and its documentation are available from the National Energy Software
Center, Argonne, ILllinois.

The purpose of this report is to describe the entries into the data base in
sufficient detail so that th.; data base might be useful to others. The characteristies
of the MFR sensor are briefly discussed and a complete index to the data base tapes

is given.
2. THE MFR DATA

The DMSP Block 5D serias satellites, flight models Fl, F2, F3 and F4, which
carried an MFR with a channel sensing in the 9.6 ym ozone band, were in an
approximately 835 km altitude, near polar, sun-synchronous orbits. The local
overpass time varied between satellites (Table 1). 'The operational lifetimes of
these satellites also varied. The data period for F1 was shortest with 6 months of
intermittent data receipts. The F2 data period was continuous for 2-1/2 years,
including and extending beyond the F3 and F4 data periods. During the period from
mid-June 1979 through December 1979, the three satellites, F2, F3 and F4,

continuously provided data.



TABLE 1. The Data Periods Covered by the MFR Sensors on the Defense Meteorological

Satellites.
Defense Local Equatorial
Meteorological Overpass
Satellite Data Period Time Local AM Orbit
*

Fl Mareh 1977 - July 1977 v 12 (AM;PM) Ascending
F2 July 1977 - February 1980 " 8-10 (AM;PM) Ascending
F3 “August 1978 - December 1979 ~ 7 (AM;PM) Ascending
F4 dJune 1979 - December 1979 v 10 (AM;PM) Descending

*Moving from south to north

The MFR scanned across the satellite ground track every 32 seconds in 25
Steps at every 4 degrees of scan angle (#8 degrees from nadir). .The ground
projection of the sampled area at each of the 25 scan positions and the spacing of
the cross-track scans are shown in Fig. 1. The cross-track scanning capability of the
MFR and its daytime and nighttime sampling capability permitted up to 67,500
observations daily by each satellite. However, the actual number of daily
observations retained in the data base was less because of various reasons, ineluding
operational eycle, noisy data when a sensor system began to fail, insufficient dise

space at AFGWC to contain multiple satellite data (ocecurred in start up of F2),

Suborbital
track
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FIGURE 1. Earth-projected sean pattern for the MFR (after Nichols, 1975).



-4-

tapes being unreadable, failure of onboard satellite recorders, periodic satellite
readout conflicts when multiple satellites were operational, and radiance values
falling outside the range checks used during the total ozone calculation.

The satellite readout of the MFR data on all four satellites was on a
continuous duty eycle. Out of a possibli: maximum of 1059 satellite-days of data,
there are 991 days éf data in the SOAC data base. There are but two extended
temporal gaps in the 3-year data base; both occurred in the first half of 1977,
These periods are March 31 to April 7, 1977 and May 16 to June 10, 1977, inclusive.
These data losses occurred with the F1 satellite. There are 21 days of data
intermittently missing from the data base in the second half of 1977. During the
remaining period from January 1, 1978 to February 16, 1980, only 2 days of data are
missing from the data base.

The F2 MFR daily data count was on the order of 50% or less of that possible
for the first 3 months of its operation between July 13, 1977 and the last of October
1977. The computer disc space allocated by the AFGWC was not sufficient to hold
both the data of the failing F1 MFR and the new F2 MFR data. Even with the
reduced data counts, the F2 global coverage was quite good because either daytime
or nightime data were usually recovered. After October 1977, F2 had a high data
rate (40,6 30 average daily ecount) and there were no significant losses of data.

The F2 satellite MFR had a lower maximum possible data count throughout the
sensor's lifetime because a sun shield on the spacecraft blocked the field of view in
the last four scan positions to right of the spacecraft direction of travel.
Nevertheless, the data coverage was quite good (Fig. 2b). After the F4 satellite
became operational in June 1979, there were three -satellite MFR instruments
operating at one time until the end of December 1978 when only the F2 MFR
continued to operate. During this period, the F2 MFR data became lower priority.

Whenever a satellite readout conflict occurred, the F2 MFR data count decreased.



FIGURE 2a. Locations where total ozone retrievals were made during the 24-hour
period of June 11, 1977, F1 satellite.
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FIGURE 2b. Locations where total ozone retrievals were made during the 24-hour
period of June 24, 1979, F2 satellite.
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Thus, there were occasional days of F2 data with counts less than 50 percent of that
possible.

The F3 MFR satellite generally provided 65 to 70 percent of the possible
coverage during its lifetiime because of a sun shield and an object(s) attached to the
spacecraft which drifted through the field of view of the MFR during each orbit.

The field of view in 8 to 9 sean positions was quite often obscured. However the F3

Vv

MFR coverage was still quite extensive (Figure 2c) with an average daily data count
of 39,827. All 25 scan positions in the F4 MFR provided high quality data allowing
high spatial sainpling (Figure 2d). Data base data counts average £3,243 samples per

day.
3. THE MFR CHARACTERISTICS

The MFR sensor measures upwelling radiances in 16 spectral bands. One
channel is centered in the 9.6 yn O, bands, six channels are in the 15 ym
CO, bands, one channel is in the so called atmospheric window near 12 ym, and
eight channels are in the water vapor rotation band (18 to 30 ym). The nominal
MFR channel characteristics are shown in Table 2; more specific channel
characteristics for each satellite are presented in Appendix A.

The channels used to retrieve values of total ozone included the‘first three
channels sensing in the 15um CO2 band (1, 2, and 3), the atmospheric window
channel (7), and the channel sensing in the 9.6 um 0, band (16). The three

CO, channels sense IR radiation emitted from the upper, middle and lower

2
stratosphere and the upper troposphere. The derivation of the method to calculate
total ozone from these infrared radiances and the application of the method was
first discussed in Lovill et al. (1978). Modifications were later made to the method

as described in Luther (1980).



FIGURE2c. Locations where total ozone retrievals were made during the 24-hour
period of June 24, 1979, F3 satellite.

FIGURE 2d. Locations where total ozone retrievals were made dvring the 24-hour
period of June 24, 1979, F4 satellite.
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Table 2. Nominal MFR Channel Characteristics@

Center Half

Channel Width
Number (ym) (em™1) (em™1) Species NESRP
1 15.0 668.5 3.5 : COg 0.30
2 14.8 676.0 10.0 CO9g 0.09
3 14.4 695.0 10.0 COg 0.10
4 14.1 708.0 10.0 CO9g 0.11
5 13.8 725.0 10.0 CO9 0.11
6 13.4 747.0 10.0 CO2 0.12
7 12.0 835.0 8.0 Window 0.11
8¢ 18.7  535.0 16.0 H90 0.15
9 24.5 408.5 12.0 H90 0.14
10 22,7 441.5 18.0 Ho0 0.09
11 23.9 420.0 20.0 Ho0 0.12
12 26.7 374.0 12.0 Ho0 (_).18
13 25.2 397.5 10.0 Ho0 0.16
i4 28.2 355.4 15.0 Hg0 0.25
15 28.3 353.5 11.0 Ho0 0.33
16 9.8 1022.0 12.5 O3 0.05

8After Nichols (1975)
DNESR = Noise Equivalent Spectral Radiance in mW/(m2 sr em™1).
€ Not on Flight Model 1.

The filter in channel 1 on the F1 MFR was found to have a wide band-pass
leak; it was partially transparent to radiation upwelling from the lower trdposphere
and the earth's surfrce. The calibration of the channzi 2 radiances of the MFR's on
the F2, F3 and F4 satellites is suspect since the calibration source possibly did not
fill the field of view for this ehannel during the calibration checks. This alignment
problem resulted from a hardware change in these MFR's. Therefore, radiance data
from channel 1 on the F1 MFR énd from channel 2 on the F2, F3 and F4 MFR were
not used in our ozone retrieval algorithm.

If data from one or more of the 5 channels that were used in caleulating total
ozone fell outside range checks, then none of the data from that sample location
were placed into the data base. Occasionally the daily data count in the data base

was larger than the theoretical maximum or larger than it should have been. This
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happened because, occassionally, the data from a satellite orbit were duplicated in
the input data set received at LLNL from the AFGWC. In the most obvious cases,

the data were sorted and the duplicate data were removed.

4. THE MFR DATA BASE

Derived total column ozone and the MFR calibrated radiance data were placed
into a user oriented data base, called SOAC, using the FRAMIS database manager.
FRAMIS is an irteractive, relational, data base management tool developed by the
Data Management Group of the Computation Department at the Lawrence
Livermore National Laboratory (Jones et al, 1981).

A version of the FRAMIS code (Taylor, 1981), which is compatible with a VAX
computer and the VMS operating system, and the documentation required to
implement and operate the FRAMIS code can be obtained from the:

National Energy Software Center
9700 South Cass Avenue
Argonne, lllinois 60439

A sample database called Wildlife, which is used extensively in the FRAMIS
tutorial (Dittli, 1981), is also available from NESC.

The database structure may be thought of as a series of files called tables.
Each table is made up of columns (the different variables) and rows (the data). A
table, representing MFR satellite data from one day, has 36 columns in the SOAC
data base. Each of the columns is defined in Table 3. Each row in the data base
represents all of the data, as defined by the column names, from one MFR scan spot.

The rows of the data base have been sorted into 2.5 by 2.5 degree latitude and
longitude data cells. These cells are represented by the column name "BOX". The

first cell (1) is centered at the Greenwich Meridian and the South pole; the last cell
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Table 3. Names and definition of the columns in the FRAMIS data base.

BOX
BIRD
JDAY
TIME
NDPOS
LAT
LONG
OZONE

ORBIT

co2T2
Cco2T3
WINDT
DT12
DTI13
BAND
BANDA

ALPH

SEC
CO2RI1
CO2R2
CO2R3
CO2R4
CO2R5

CO2R6

a 2.5 degree latitude ar.d longitude cell within the database
Satellite number (F1, F2, F3 or F4)

YYJJdd, YY is year and JJJ is the Julian day

HHMMSS, Greenwich time (hours, minutes, seconds)
Day-night and scan position indicator (+day, -night, 1 to #25 left to right)
Latitude x 100 (+North, -South)

Longitude x 100 (+East, -West)

Total eolumn ozone in Dobson units (m.atm.cm)

Satellite orbit number

Brightness temperature x 10 of CO2R1 (°K)

Brightness temperature x 10 of CO2R2 (°K)

Brightness temperature x 10 of CO2R3 (°K)

Brightness temperature x 10 of WIND (°K)
(CO2T1-CO2T?2) x 100

(CO2T1-CO2T3) x 100

Retrieval model band that data point is in (1 through 11)
Band blend indicator

Fractione! weight assigned to the southern band model (BANDA) when
band model blending is done x 100

Secant of the zenith angle x 10,000

2 sp em-l)

Channel 1 radiance x 100 mW/(m
Channel 2 radiance x 100 mW/(mz sr cm-l)
Channel 3 radiance x 100 mW/(m2 sr cm-l)
Channel 4 radiance x 100 mW/(m2 sr em ™))

Channel 5 radiance x 100 mW/(m2 sr cm-l)

Channel 6 radiance x 100 mW/(m?2 sr cm-l)
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Table 3. Continued.

WINDI

WIND
H20RI
H20R2
H20R3
H20R4

H205
H20R6
H20R7
H20RS8

O3R

- Channel 7 radiance x 100 mW/(m2 sr cm-l) (Single look at scene)
- Channel 7 radiance x 100 mW/(m2 sr cm-l)

- Channel 8 radiance x 100 mW/(m? st em™)

- Channel 9 radiance x 100 mW/(m? sr em™)

- Channel 15 cadiance x 100 mW/(in” st em™)

_ Channel 11 radiance x 100 mW/(m> st em ™)

- Channel 12 radiance x 100 mW/(m? sr em™))

- Channel 13 radiance x 100 mW/(m? sr em™)

2 sp cm-l)

- Channel 14 radiance x 100 mW/(m
- Channel 15 radiance x 100 mW/(m2 sr cm_l)

- Chgimel 16 radiance x 100 (Avg. of 12 looks at a scene) mW/(m2 sr
em )

NOTE: Channel radiances are the average of two looks it the view scene except as
noted above.

(72144) is

centered at 2.5 degrees west longitude and the North pole. The cell

numbers increase from east to west {1 to 144) and south to north (0 to 72000). The

algorithm used to compute a cell number from any latitude-longitude pair is as

follows:

a.

Change the longitude from the standard (+) east and (-) west to (+) east
longitude, (0 to 360 degrees east longitude).

IF (ALON.LT.0) ALON=ALON+360
Change the latitude from the standard (+) north and (-) south to
colatitude, where the south pole is zero and the north pole is 180 degrees.

ALAT = ALAT + 90
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c. Caleulate the cell (box) number.
IX = IFIX (ALQN * 0.4 + 1.5)
IF (IX.GE.145) IX = 1
1Y = IFIX(ALAT * 0.4 + 1.5)
BOX = (1Y~1) * 1000 +IX

The SOAC database was built on a VAX 11/780 computer with a VMS operating
system using the VAX FRAMIS code. A VAX computer with a VMS operating system
using the VAX FRAMIS code is required to access the data in the SOAC data base.
The data base resides on 109 nine track magnetic tapes written at 6250 bpi density.
This data base is available to various users and can be obtained from:

National Space Science Data Center
Code 601.4

Goddard Space Flight Center
Greenbelt, MD 20771

Each file o a database tape contains the data for all of the satellites for one
data-day. A data-day is 24 hours long beginning with 0000 Greenwich Mean Time
(GMT). The data time is the tiine in GMT when the observation was taken by the
satellite. These are denoted by the JDAY and TIME columns in the data base.

There are up to 10 files (days of data) on each data base tape. The file naming
convention is SOACZYJJJ, where "Y" is the last digit of the year and JJJ is the
Julian day. The label for each tape (volume number-ZYJJ) was constructed using
the last digit of the year followed by the first two digits of the Julian day for the
files ¢n the tape, e.g. Z800 contains data for Julian days 1 through 9, 1978; 2801
contains data for Julian days 10 through 19, 1978, etc. and the name of the file
containing the data for Julian day 1 on tape Z800 is SOACZ8001.FRM. A complete.

list of the tape labels, the data-days, and the data count by satellite is given in

Appendix C..
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Before using FRAMIS on a VAX computer, we typically establish a shorthand
method for executing FRAMIS by defining a global variable as
FRAMIS :== RUN device:directory]JFRAMIS
where the lower case names represent names to be inserted by the user.
A file is moved from a database tape to a dise by using the commands
MOUNT device: tapelabel
COPY device : filename.FRM *.*
An interactive session using FRAMIS is begun by executing FRAMIS followed
by two necessary replies to the FRAMIS prompt (i.e. >) :
FRAMIS
> CREATE SOAC ;
> INCLUDE filename ;
where filename is the name of the file containing the data for one day (e.g.
SOACZ8001).
An example of a FRAMIS session that we have used to extract data by cell

number is illustrated in Appendix B.
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Table A-2. Optical centers of the water vapor channels.

DMSP Satellite Channel number Optical center (em ")
9 356.27
10 398.15
11 418.29
Fl 12 441.94
13 410.08
14 373.36
15 35..84
8 534.50
9 356.20
10 398.80
11 418.90
B2 12 441.90
13 407.30
14 372.90
15 355.20
8 534.80
8 356.30
10 398.70
. 11 418.70
FS 12 443.60
13 409.70
14 374.00
15 352.80
8 534.80
9 355.00
10 399.40
11 418.80
kd 12 442.10
13 409.10
14 375.20

15 353.00
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APPENDIX B

EXAMPLE OF A FRAMIS SESSION

$ SAVEsDIR := ‘[F$DIRECTORY()"’

§ SET DEFAULT DPROD:[TEST]

% STARTUP:

$ ON CONTROLxY THEN GOT® ALLDONE

$ ON WARNING THEN GOT(O ALLDONE
{5!:fn)**att**:&****t*ﬁr}*#*#**U**t#tt#**tt*tw*t*t#tt#lt*l*t

$! INCLUDE HERE APPROPRIATE BOX NUMBERS FOR EXTRACTION '
3 OPEN/WRITE BOXF1LE BOXFILE.DAT -
$ WRITE BOXFILE " 80137"

$ WRITE BOXFILE " 56065"

% WRITE BOXFILE " 52095"

3 CLOSE BOXFILE

3! EDIT FILE TO GET RID OF SEGMENTED RECORDS

$ EDIT BOXFILE.DAT

N
% SET DEFAULT [TEST]
G R ELEE R RUBARE KRR R E A RN KEE R A E R AR RE AR SRR E R R RRK

5! ESTABLISH FORMAT FILE FOR INPUTING FRAMIS TABLE

4 OPEN/WRITE FMT BOXFILE.FMT

4 WRITE FMT "FIXED 1 CD 1"

% WRITE IP'MT "BOX 2 &

3 CLOSE FMT

5! EDIT FILE TO GET RID OF SEGMENTED RECORDS
3 EDIT BOXFILE.FMT

BXIT

$ SET DEFAULT [TEST]

§;!»‘.H:»*:ltv***ﬂ**i:’x************t*****t*******t#**i*ti*t***#
51 ESTABLISH TABLE IN FRAMIS
U WRITE FRAMIS EXECUTE FILE WITH TABLENAME
OPEN/WRITE COMMAND BOXEXTR.CMD
WRITE COMMAND "CREATE SOAC;"
WRITE COMMAND "DELETE TABLE BOXFILE;"
WRITE COMMAND "DEFINE TABLE BOXFILE BOX INT 3;"
WRITE COMMAND "INPUT BOXFILE FROM BOXFILE.DAT "
WRITE COMMAND "USING FILE BOXFILE.FMT;"
WRITE COMMAND "BOXFILE=BOXFILE SORT BOX;"
WRITE COMMAND “PRINT BOXFILE;"
WRITE COMMAND "END;"
CLOSE COMMAND
! EDIT FILE TO GET RID OF SEGMENTED RECORDS
EDIT BOXEXTR.CMD
XIT '
SET DEFAULT [TEST] '
FRAMIS
EXECUTE [TEST]BOXEXTR.CMD;
SET DEFAULT [TEST]
DELETE BOXEXTR.CMD. *

!*ﬂ**##**#******‘*t**‘****‘**ft*tt***‘&****t*‘*****‘****

L LE S

5 B B 3 &3 E 9 6% % 68 % 63 vF £ 0 LD
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$! PROCESS FILES IN DIRECTORY
$ DIR/OUTPUT=[ TEST JDTEMP . NAM/COLUMNS=1/NOHEAD/NOTRAIL -
[TEST]SOACZ* . FRM
$ OPEN DDIR [TEST]DTEMP.NAM
$ LOOP:
$ READ/END«OF«FILE=ALLDONE DDIR DIRNAME
$ FOUNDONE :
START = *F$LOCATE('"]",DIRNAME)’ + 1
LEN = 'F$LOCATE(".FRM",DIRNAME)’ - START
DIRNAME := '’ ‘F$EXTRACT(START,LEN,DIRNAME) "
LEN = LEN - 5
DATE := "‘’F$EXTRACT(5,LEN,DIRNAME) ‘"
IF DATE.GTS."9999" THEN GOTO ALLDONE
! WRITE FRAMIS EXECUTE FILE WITH APPROPRIATE TABLE NAMES
OPEN/WRITE COMMAND BOXEXTR.CMD
WRITE COMMAND "OPEN SOAC;"
WRITE COMMAMD " INCLUDE SOACZ’‘'DATE’ ;"
WRITE COMMAND "TEMP = Z°‘DATE’ JOIN BOXFILE ON BOX;'
WRITE COMMAND "TEMPOUT = TEMP "

WRITE COMMAND "CO2R3 O3R WINDT OZONE;"

WRITE COMMAND "DELETE TABLE TEMP TEMPOUT;"
WRITE COMMAND "DELETE TABLE Z~°’“DATE”;"
WRITE COMMAND "END;"

! EDIT FILE TO GET RID OF SEGMENTED RECORDS
CLOSE COMMAND
EDIT BOXEXTR.CMD

9 4 45 9 5 65 63 9 B9 U9 49 65 €9 B B O 5

>
—
-3

SET DEFAULT [TEST]
FRAMIS

EXECUTE [TESTJBOXEXTR.CMD;
SET DEFAULT [TEST]
DELETE BOXEXTR.CMD.*
WRITE SYS$OUTPUT -

4 9 T 4 5

GOTO LOOP
ALLDONE ;

SET DEFAULT [TEST]

CLOSE DDIR

DELETE DTEMP.NAM.*

DELETE SOAC*.FRM. 1

DELETE BOXFILE.DAT.*

DELETE BOXFILE.FMT.*

SET DEFAULT ‘SAVEsDIR’

EXIT

0 B 9 B 9 B B B O H

WRITE COMMAND "PROJ LAT LONG TIME JDAY BIRD SEC CO2R1 COZR2 "

WRITE COMMAND "OUTPUT TEMPOUT WITH CONTROL TO Z’°DATE- .DAT;"

" BOX EXTRACT COMPLETED NORMALLY FOR FILE “‘DIRNAME’"
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FRAMIS OUTPUT FROM SOAC DATABASE

FIXED 12 CD 2

LAT 1 B8 1 Co

LONG 10 8 1

TIME 19 8 1

JDAY “8 8 1

BIRD 87 8 1 .

SEC 48 8 1

CO2R1 55 8 1 '

COBR2 64 8 1

CORR3 73 8 1

038R 1 8 2

WINDT 10 8 2 ;

OZONE 19 13 2E 8 .' o
4048 —12444 45908 78004 2 18677 5700 4880 4469
3546 2740 8,545809L+08 : ’ .
4048  —12448 45908 78004 2 186%7 5700 4880 4469
3546 2740 B8.545793E+02 ' o
3875 —12542 45940 78004 2 18677 5655 4867 4416
2880 2558  3.252596E+02 :

3955 ~12538 144210 78004 2 12481 5471, 4717 4345
2135 2284 3.171061E+02 , ’

3980 —12448 144211 78004 2 11793 5412 ° 4697 4311
1866 2227 3.276149E+02 ‘

5054 15995 100121 78004 2 1343% 5986 ., 5517 5265
2762 2500 4.571406E+02 : C ‘ '
4880 15881 100153 78004 2 13438 5911 5450 5207
2954 2560 4.503140E+02 .

- 8036  ~-2009 62050 78004 2 16188 4773 3489 3266
1332 2108 2.712137E+02 . _ o
5988 -2025 80057 V8004 2 11263 4612 3535 3318
1489 2160 2.756629E+02 ;

6008 -1893 80058 78004 2 11802 4642 3535 3302

1507 2174 2.740814E+02



APPENDIX ¢ .
I

MFR DATA COUNT AND TAPE INDEX

’
,

TAPE JULDAY DATE SAT COUNT SAT . COUNT SAT COUNT SAT COUNT
7708 08477  3/25/77 F1 = 21508 F2 = 0 F3 = 0 F4 = 0
08577  3/26/77 Fi = 16761 F2 = 0 F3 = 0 F4 = 0
08677 . 3/27/77 F1 = 17297 F2 = 0 ‘F3 = 0 F4 = 0
0887y  3/29/77 F1 = 248483 F2 = 0 F3 = 0 F4 = 0
08977, 3/30/7% F1 = 33370 F2 = 0 F3 = 0 F4 = 0
Z709 09877 4/ 8/77 F1 = 13313 F2 = 0 F3 = 0 F4 = 0
09977 4/ 9/1v i F1 = 70925 FR2 = 0 F3 = 0 F4 = 0
Z710 10077  4/10/77 Fl = 44034 FR = 0 F3 = 0 F4 = 0
1017Y  4/11/77 F1 = 451656 F2 = 0 F3 = 0 F4 = 0
10277 4/12/77 'l = 25510 F2 = 0 F3 = 0 T4 = 0
10377 4/13/77 Fi = 41684 F2 = 0 F3.= 0 K4 = )
10477  4/14/7% F1,= 33820 Fg = 0 F8 = 0 T4 = 0
10577 4/15/77 F1 = 30709 F2 = 0 .F3 = D F4 = G
10877  4/16/77 F1 = 30360 F2 = 0 F3 = 0 F4 = 0
10877, 4/18/77 . Fl = 12090 F2 = 0 F3.= 0 F4 = )
10977 4/19/7% - F1 = 47050 Fg = 0 3 = 0 P4 = 0
Z711 11077 4/20/77 Pl = 54769 F2 = 0 F3 = 0 F4 = 0
11177 4/21/77 Fl = 60594 FR = 0 F3 = 0 F4 = 0
11277 4/22/77 Fl= 47089 F2 = 0 F3 = 0 F4 = 0
11877 - 4/23/77 F1 = 45080 F2 = 0 F3 = 0 F4 = 0
11477 4/24/77 Fl = 29342 F2 = 0 F3 = 0 P4 = 0
11577 4/25/77 Fl = 5204 F2 = 0 F3 = 0 F4 = 0
11677~ 4/26/77 Fi = 31733 T2 = 0 F3 = 0 F4 = 0
11777 4/27/77 Fl.= 51407 P2 = 0 F3 = 0 T4 = ¢
11877. 4/28/77 F1 = 47032 F2 = 0 F3 = .0 P4 = 0
11977 4/29/7% "l = 52142 F2 = 0 P8 = 0 P4 = 0
Z712 12077  4/30/77 Fl' = 483768 F2 =! 0 F8 = 0 F4 = 0
12177+ 5/ 1/77 Fl = 53798 F3 = 0 F3 = D P4 = 0
12277 5/ 2/77 Fl = 51285 F2 = 0 F3 = 0 F4 = 0
12377 5/ 3/77 F1 = 42951 F2 = 0 F3 = 0 P4 = 0
12477 5/ 4/ F1 = 53730 F2 = 0 F3 = 0 F4 = 0
12577 . 5/ 5/77 Fl = 35678 F2 = 0 F3 = 0 F4 = 0
12877 5/ 6/7% Fl = 19474 T2 = @ F3 = 0. F4 = 0
1277 5/ /17 F1 = 41125 F2 = 0 F3 = "0 F4 = 0
12877 5/ 8/77 Fl.= 44344 F2 = 0 F3 = 0 P4 = 0
129v7 5/ 9/7% Fl = 58992 F2 = 0 F3 = 0 F4 = 0
Z713 13077  5/10/77 Fl = 42431 F2 = 0 F3 = 0 F4 = 0
18177 5/11/77 Fl1 = 56767 F2 = 0 F3 = ‘0 F4 = 0
13277 5/12/77 Fl = 43945 F2 = 0 F8 = 0 F4 = 0
13377 5/18/77 F1 = 47968 F2 = 0 F3 = 0 F4 = 0

' v,
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13777
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14777
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