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ABSTRACT

The NASA TIROS Il Meteorological Satellite launched on November 23, 1960, carried a
medium-resolution, five-channel, scanning radiometer.

This catalog doscribes the mapping procedures which have been employed in processing the
TIROS II radiation data utilizing “Final Meteorological Radiation (Magnetic) Tapes” and auto-
matic data-processing equipment.

Sample grid point analyses of radiation data from 50 orbits are presented and serve to introduce
TIROS II radiation data to the moteorological community.

An index of all existing Final Meteorological Radiation Tapes is included.
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I. INTRODUCTION

The TIROS I1 meteorologics] satellite was launched on November 23, 1960.  The mean orbital
characteristics during the 5 months of active radintion data acquisition were the following:

Perigee. . . ... . llll. 385.6  statute miles.
Apogee. . .. .. 454.4 statute miles.
Anomalistic Period_ . ___ .. ... 098. 27 minutes,
Inclination. ... ... . 48.53 degrees.

Like the first TIROS satellite launched nearly 8 months earlier, TTROS 11 carried two television
cameras. However, the outstanding difference between the two was that TIROS I for the first
time carried a medium-resolution, five-channel, scanning radiometer sensitive in the following spectral
regions:

Channel 1 6.0 — 6.5 microns—water vapor absorption.

Channel 2 8.0 ~12.0 microns—atmospheric window,

Channel 3 0.25- 6.0 microns—reflected solar radiation.

Channel 4 8.0 -30.0 microns—thermal radiation.

Channel 5 0.55- 0.75 microns—visible reference and daytime cloud cover.

This volume describes the mapping procedures utilizing clectronic data-processing equipiment
which have been employed initially in processing the TIROS II radiation data and illustrates sample
maps in grid print form from the first 50 orbits where data were acquired over or near the United
States and successfully reduced. An index of all “Finul Metcorological Radiation (FMR) Tapes”
from TIROS II is included at the end of the volume.

The grid point analyses of radiation data shown here serve to introduce TIROS I1 radiation
data to the meteorological community - suggesting capabilitics of resolving patterns from smoothed
macro systems down into the meso scale region. The maps, along with several other diagnostic
monitor programs, also serve as a means of sampling and evaluating the operation of the entire
data-processing system.

This catalog is intended as a companion volume to the “TIROS II Radiation Data Usecrs’
Manual” which includes an explanation of the calibration procedures, physical significance of the
duta, approximations used, the format of the Final Meteorological Radiation Tape, and associated
information.

Any group having a special interest in the data and/or the data reduction system employed,
may obtain further information by writing to the

Chairman, TIROS Radiation Data Working Group
Aeronomy and Meteorology Division

NASA, Goddard Space Flight Center

Greenbelt, Md.

Attention: Mr. W, R, Bandeen

It is presently planned to publish grid print samples of all existing Final Metcorological Radia-
tion Tapes, after which copies of the tapes will be made available to the meteorological community.
Hence, upon publication of this volume, FMR Tapes of the orbits mapped hercin may be obtained
at cost by writing to the

National Weather Recorde (Center
Asheville, N.C.

As subsequent volumes of the catalog are published in the near future, the corresponding FMR Tapes
will similarly become available from the National Weather Records Center.

II. MAPPING PROGRAMS

Although vast amounts of radiation data can be stored as binary information on magnetic tapes,
further machine processing is needed in order that the data can be applied to a particular meteorologi-
cal problem. At present three IBM-7090 machine programs are available for such processing.

Ench of these programs consults the selected Final Meteorological Radiation (FMR) Tape and,
on thoe basis of & job card, operates on the particular data specified. Detailed instructions for the use
of theso programs on the computer are given at the end of this discussion. A general description
of each follows:

Data Listing Program (MS 500)

This program produces a printed list of information for a specified timespan which is usually
limited to only a few minutes of satellite data. Calibrated information is presented from sll five
sonsors for each carth-viewed spot in a spin cycle along with appropriate locator information.  Lati-
tude and longitude as well a8 nadir and azimuth angle information are given for cach viewed spot.
Neadir angle is neasured at the satellite between the subpoint radius vector and the ray to the viewed
spot. Azimuth is measured in the plane tangent to the earth at the subsatellite point, clockwise
from north to the great circle arc connecting the subpoint and the viewed spot.  The data list is
grouped by earth viewed swaths- -viewed cither through the “floor’ or “wall’ of the satellite or in
alteration. A sample listing is presented in figure 1.

vii
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Low-Resolution Mapping (AW 950) !

This program accumulates and averages large amounts of data at grid points on a hemispheric
polar stercographic map base. This is the standard Joint Numericul Wenther Prediction (JNWP)
grid used in hemispheric analysis and prediction. The mesh size is approximately 200 miles at
middle latitudes so that the resulting map is relatively low in resolution considering the sensor
capabilities. Normally one may choose to map 50 minutes of radiation data from one of the five
sensors in order to obtain such an analysis of the viewed region extending in a band across an entire
hemisphere. The data population averaged at each grid point may vary from only a fow near the
edges of the viewed band up to 40 or more near the center. However, variation in the amount of
smoothing thereby injected tends to be compensated by the fact that the resolving power of the
sensor is reduced toward the horizon at the band edges. Samples of these maps (designated N and

S) are presented in this catalog.
High Resolution Mapping (MS 501)

Data are fitted to a fine mesh grid in this program using & revision of the objective analysis
program currently in use by JNWP (see Cressman, G. P., Monthly Weather Review, vol. 87, October
1959, pp. 367-374). The data population from the specifiod sensor is limited so that the number of
observations approximates the number of grid points. The mesh size is presontly set at one-fifth
of the standard size used in the low-resolution mapping and the data sample is limited to a span of
sbout 5 minutes. This program is segmented into the following steps.

1. The FMR Tape is consulted and the data for a particular sensor and timespan are extracted,
sorted, and arranged in a particular format on an intermediate binary tape.

2. Next, this data dictionary tape is used as source data by the objective nnalysis program in
which the data serves to correct a ““first guess’” value which has been assigned to each grid point.
Repeated scans with ever-diminishing data search areas around each grid point serve to sharpen up
the analysis and remove the influence of the first-guess field. The final grid print map uses only
three or four observations in a search area less than one mesh length in radius in the final scan,
The maps lettered A through I illustrate the output of this program.

3. Optional line drawn output produced by an Electronic Associates Data Plotter may be
obtained by an additional step in which the grid point information is placed on another binary tapao.
This tape now serves as input to a standard JNWP subroutine which generates binary tape records
of X, Y points which direct the drawing of contours by the data plotter. A sample of this output
is presented in figure 2. (Compeare this with the corresponding grid print in 4.2.2.)

} This 13 8 minor revision of & program written and Inrgely debugged an an Alr Weather Hervice Heserve project under the Directorate of Beientific
sarvicen/EDD/ECB,

T =

g
%

28

FIGURE 2,

Sample Line-Drawn Map.

ORBIT 4

8-12 MICRON, ] DAY O, 1808Z
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II1. DETAILED DESCRIPTION OF MAPPING PROGRAMS

The following paragraphs pertsin to program instructions and may not interest the

nonprogramer.

3.1 Job Card Format

The following explanation and key will allow the user to punch standard IBM cards in a format
acceptable to all of the programs described in the text (MS500, AW 950, MS 501).

Card column(s) Item
1-3...._..._ Julian Day.
45 ... ... Hour (Z time).
6-7 . ... Minute (Z time).
8-11_.___.__ Job time span in minutes.
12...__._... Data Channel Number:
1=6.3 microns.
2=8-12 microns.
3=0.2-5 microns.
4=7~30 microns.
5=0.6-0.8 microns.
13-14. ... __. Nadir angle limit.
15-181_.__._ Delta I grid column origin displacement.
19-221 . Delta J, grid row origin displacement.
23-341 .. __ C MESH mesh intervals, pole-equator.
35-361'.._.__ CF number of fine mesh intervals in a coarse
mesh interval,
37-382.___ __ Indicator=01.
39___._..... Bign of latitude to select desired hemisphere:
1 =northern, 0=southern.
40~-43_.___._ Orbit number (readout).
4. .. Station of readout; 1=East coast, 2= West

coast.

! Used only by M8 301 and explained more fully in that writeup.
3 Presently unused except in listing code where now required to be 01.

The appended form (fig. 3) has been found convenient for recording jobs to be punched. The
recorded example will illustrate the items specified in the format. Here 5 minutes of data are re-
quested from the channel 4 sensor on the orbit of readout number 43 and starting at 0806Z on the
third day after launch day. Data having a nadir angle of 58° or more will be discarded. An area of
the Northern Hemisphere will be mapped within a 1,977-point grid array which contains 5-mesh in-
tervals in a fine array for each coarse mesh interval. The coarse mesh interval length is that used
by JNWP which contains 31.24+ mesh intervals on the polar stereographic map base between pole
and equator. In terms of fine-mesh intervals, the origin of the 1,977-point fine-mesh array is dis-
placed 81 intervals from the coarse-mesh origin ordinate and 106 intervals from the origin abscissa.

3.2 MS500 Listing Program for IBM 7090 E.D.P.M.

Purpose

To produce an off-line listing of calibrated radiation sensor data from TIROS II Final Mete-
orological Radiation (FMR) Tapes as prescribed by the job card.
Restrietions

1. The data timespan specified on the job card is limited to that which can be contained in a
20,000-word input buffer (normally not over 15 or 20 minutes of data).

2. The interpolative generation of omitted locator information may deteriorate in value near
the end of an earth-viewed swath in the absence of an end-point anchor. In this event the interpola-
tion routine reverts to an extrapolative mode.

Method

The program digests input data from the buffer in earth viewed swath batches, and generates
locator information between every fifth scan spot by an interpolation approximation. The order of
interpolation in each swath is governed by the population anchor spots (every fifth spot); linear for
two, quadratic for three, and cubic when more than three are present.

Input FMR Tape data search is accomplished through comparison of tape file documentation
records with each orbit in conjunction with the job card. Selected output is labeled as to beginning
time and timespan of the listed data and data is broken into batches by scan swaths.

Usage

The program is available as an absolute binary deck of 200 cards with a one-card self loader.
Use is controlled through the job cards. (See appended discussion.) All locations of a 32,000-word
core are used.

Job cards may be cascaded to produce listings of separate segments from the same orbit (file)
on the FMR Tape. Running time is primarily a function of tape search for input data.

3.3 AWS950 Low-Resolution Mapping Program for IBM 7090 E.D.P.M.

Purpose

To produce a polar stereographic map analysis of radiation sensor data from TIROS II as
prescribed by a job card. Information is produced at an array of 1,977 grid points on a hemispheric
basis.
Restrictions

1. Data are mapped for only one radiation sensor at a time as specified by the job card.

2. Since multiple job usage is allowed, output tapes have been left without final end of file
marks—manual ends of file are thus required at termination,

3. Data population at a grid square is presently limited to (377)%.

4. Data are not normalized to remove variations in optical depth or other effects.

SrA. NO.
1 = New Jersey
2 8 California

JOB START
TIME

SED TO SET CALL SEQUENCE IN COMIJ

IN FINE MESH GRIDDING ONLY

Cc MESH
003 | 08|06 | 0005 4158 cc81 | 0ofo6 031 203 920880(05]09]1] 00431
L1 i 1 11 I I | L1 1 [N WS U S U WO N W O O | i 1 L 11
1 3 45 678 11 12 13 15 18 19 22 23 34 35 37 39 40 43 44 Column
*(See the User's Manual)
FiGURE 3. Job Card Format—Mapping Codes.



Method

Data are read from the input tape one record at a time (each such record con't,ains data c;ollectgd
in 1 minute of real time by the satellite). Digestion from the input buffer is accomplished in
earth-viewed swath batches, location information being generatfad between every fifth (ar}chor)
spot by an interpolation approximation. Order of interpolation is governed by the population of
anchor location spots in each swath, o o _

Latitude and longitude location information 18 converted to i, j coordinates on a map overlay
grid array. VIR _—

Data accepted within each grid square is combined into a simple arithmetic average.
Usage '

The program is available on some 200-row binary cards as a FORTRAN/FAP package with
BSS loader. . .

The selection of input data from TIROS II Final Meteorological Radxgmc_)n (FMR) Tapes and
the digestive action taken is controlled by job cards. (See appended description.) o '

Input: FMR Tape is tape No. 4 on B channel (low density) and the appropriate job .card is
placed in the card deck. Several job cards specifying different segments of data or different
treatments may be placed in tandem in order to group jobs. _ o

Output: Tape No. 2 on A channel is produced in BCD for off-line I_BM 1401 printing. Two
maps are grid printed for each job—the radiation analysis and a companion popul_atlpn map speci-
fying the number of pieces of data accepted for each grid point. Grid point radiation values aro
expressed in watts per square meter.

Sense Switch Options . . '
1. Switch No. 1 down permits a binary output record of radiation grid point data for each .Job
card on B channel tape No. 5. This tape (with manual end of file) serves as input to a rovised
version of WPK04, a JNWP program which generates binary magnetic tape records for an Eleg-
tronic Associates data plotter which produces inked contours on a 1:30 million polar stercographic
map base. _ ' '
2. Switch No. 2 provides terminating options in the event of input tape record-reading failures.

Instructions are printed on line.

Error Steps o o
1. Diagnostic tape and job card beginning and ending t,'u.ne docum?ntutlon }n.fgrmatlon 18
printed on line, the input tape is rewound and the computer stops in cases of mcompnubxhty'betwwn
timespans of data contained on the FMR Tape and the timespan of da.t,f:. requested on the job card.
2. Program stops contained in various subroutines have not been listed. '
3. In converting latitude and longitude to i, j coordinates, dogre.es are changed to radians.
If overflow occurs in this process, the data from such a viewed spot is discarded.

3.4 MS501 High-Resolution Mapping Program for IBM 7090 E.D.P.M.

Purpose -

To produce a high-resolution map analysis of radiation sensor data on a po}ar stereggra.phxc
gridlet as prescribed by a job card. The gridlet contains an array of 1,977 grid points and is scaled
five times greater than the low-resolution map analysis.

1. Date are mapped for only one infrared sensor at a tie as specified by the job cn_rd..

2. More than one job card may be used, providing they all refer to the samo orbit; i.e., the
same file on the Final Meteorological Radiation Tape. After tho last job card is processed, ond-
of-file marks are written on the data dictionary tape, which is then rewquud.

3. Data input is limited to 8,200 words from the FMR Tape. Thla Inay mosan from 6 to 19
minutes of real time by the satellite depending upon minute-record sizes. Input in excess of this
Wi imit will cause a program stop.

ord‘i?mIl):ta locatl:ad oufsidirt-he oct?tgon gridlet chosen is simply deleted and does not affect the

map analysis.

Method

Input data from the FMR Tape are processed in two stages. In the first stage the FMR Tape
is searched, one file at a timo, for the timespan requested. All the data within this timespan are then
read into a buffer in core storage. As in the low-resolution method, swath batches are digested and
sorted according to location information furnished for every fifth (anchor) spot. Intermediate
locations are interpolated so that every piece of data has a corresponding latitude and longitude.
These latitudes and longitudes are now converted to i, j coordinates on a 1,977-point grid array—
the standard octagon grid used by the Joint Numerical Weather Prediction (JNWP) Unit. These
fields, data and grid locations, are now written on an intermediate binary tape to be used as source
data by the map analysis program.

In the second stage a special adaptation of the JINWP objectivo analysis program operates upon
the data dictionary tape generated by the first stage. The main features of the adaptation are as
follows: (1) Only one map analysis is produced during the progran run, but the program can recycle
allowing more than one job on the datn dictionary tape to be analyzed. (2) Location and size of the
gridlet can be specified on the job card. The size of the gridlet is normally taken to be one twenty-
fifth of the hemispheric grid; i.c., a scale of 1:6,000,000. This is compatible with the maximum
resolution of radiation sensor values.

The analysis method is basically o method of applying corrections to a first-guess field. The guess
ficld for radiation data is simply a field of average valucs of all the data in the gridlet. The corrections
are dotermined from a comparison of the data with the interpolated value of the guess field at the
location of the data point. A scries of scans of the field is made, each scan consisting of application
of corrections on a smaller data search arca than during the previous scan. Finally, a smoothing
operation is performed to eliminate small scale perturbations.

Usage

To complete a high-resolution map annlysis, two programs are run in sequence.  The first program
is available as an absolute row binary deck of some 200 cards, containing a 1-card londer. Ouly two
tapes are needed at this stage and do not conflict with those needed in the second program. The
Final Metoorological Radiation (FMR) Tape serves as input (on channel B No. 4 low density).
Output is an intermediate binary tape called the data diotionary tape. Place a blank tape on channel
B No. 3 for the life of both programs. Tapes (B—4) and (B-3) are rewound after processing the
last job card. Job cards control selection of the data from the FMR Tape. (Seo appended de-
scription.) These job cards are placed behind tho binary deck, followed by a blank card to signal
the end of the job batch. Moro than one job card may be used provided they all refer to the
same file on the FMR Tape.

The second program runs with the SOS System under the IBM monitor and uses all of the core.
In addition to the normal system tapes required, the data dictionary tape (B-3) and a blank (B-5)
for curve followor output, if desired, are required. The adapted JNWP objective analysis program
i8 available as a SQUOZE deck (binary and decimal card mixture) of some 500 cards which may be
read in from the card reader or from tape (A~3). While in execution, the scan number, which starts
at 2, is displayed by the sense lights on the console.

Final output is in two forms as determined by console keys. (See table below.) If printed maps
are desired (key 34 down), output is one BCD file on tapo (A-2) ready for off-line printing on the IBM
1401 printer under program control. A companion data population map precedes each map analysis
specifying the number of data points affecting each grid point in the last scan. Normally, the data
search radius in the last scan is 0.9 grid intervals. An end-of-file mark is written on output tape
(A-2) after every job batch, but tape (A-2) is not rewound to allow stacking of output.

If curve follower output is desired (koy 35 up), n propared field of data, comprising one record,
is written on tape B-5. This tape now serves as input to a revised version of WPKO4, a JNWP
full core program which generates binary tape records for an Electronic Associates data plotter.
Inked contours are drawn by the plotter for the gridlet which normally represents a 1:6,000,000
polar stereographic map base. Tape (B-5) is not rowound to allow stacking of curve follower output;
and an end-of-file mark should be written manually at termination.

OUTPUT TABLE
Output option according to console keya
Ky 84 Key 3§ Output
Down......... Down....... Printed maps.
Upeeoaaaaaas Up....co... Curve follower,
Down..._._... Upocaaaaaan Printed maps and curve follower.
Upeacwaaaao o Down.._.__._ Will cause a stop before output.!

! This ia an opportunity to change key sottings. Push start (o resume.
Notr: Key 33 Is set aside for punch output (oot yet available).

As in the low-resolution mapping code, diagnostic information is printed on line if the timespan
requested on the job card is incompatible with the timespan contained in the FMR Tape.

Grid print data in watts per square meter is expressed in units and tenths (data held in core is ex-
pressed to three fractional bits). As in the low-resolution mapping program, no normalizing of data

has been included.
IV. GRID PRINT MAPS
4.1 Explanation of the Maps

The low-resolution maps marked N (Northern Hemisphere) and S (Southern Hemisphere) pre-
sent hemispheric stripes of data from individual orbits. Only data from the 8-12-micron sensor
are presented in these 1:50 million polar stereograpbic maps. Integer values in watts per square
meter pertain to the grid points designated by plus signs (e.g., 090" is 90.0 watts/meter®). Figures
printed on non-grid-point rows provide filler for alternate contour channels. The contour interval
is 5.0 watts/meter’. After the average value is obtained at each grid point viewed in the data
stripe, the average of all of these values is placed at all remaining grid pointa in order to minimize
abrupt gradients and discontinuities at the edges of the data. Plastic geographic overlay sheets
aro provided for these hemispheric grids. The pole is placed over the central point of the grid
with the 80th meridian extended through the central grid point of the lower baseline row.

The high-resolution maps, although presented in the same page-size format, are actually 1:10
million segments of the same polar stereographic map base with a mesh interval of about 40 miles.
These sample analyses of small segments of a hemispheric data stripe are confined to a set of nine
selocted locations over and near the United States. The orientation of these nine inset gridlets
is such that their bases are always parallel to the base row of the hemispheric (low-resolution) grid.
In general, the last several minutes of data recorded before readout are mapped. Contour printing,
as in the case of the low-resolution maps, is provided. The grid point data for the thermal channels
1, and 2, and 4 are expressed as integers and tenths at the grid points (e.g., “007" is 0.7 watta/meter?
and ‘900" is 80.0 watts/meter’). The contour interval for channel 1 is 0.1 watts/meter* and for
channcls 2 and 4 is 2.0 watts/meter’. The grid point data for the reflected solar channels 3 and 5
are ocxprossed as integers at the grid points (e.g., 215" is 215.0 watts/meter!. The contour interval
for channels 3 and 5 is 20.0 watts/meter’. Nine plastic geographic overlay sheets (A through I)
are included—the lettered overlay to be alined on the similarly lettered grid print such that the
bases correspond and the edge marks include all grid points designated by the plus signs. Asin
the low-resolution case, an average value remains at all grid points without data.

The grid print samples from 52 orbits contained herein are arranged chronologically by orbit
number and numerically by channel number within each orbit (two low resolution orbits—Nos. 43
and 235—are not repeated in the 50 high-resolution samplee because data were not acquired over
the United States). Ouly a fow maps of the reflected solar channels 3 and 5 are illustrated (e,
orbits 4, 31, 61, 89, 91, and 93) because during this period of the history of TIROS II the portion of
the orbital track over latitudes encompasaing the United States was largely in either poor illumination
or complete darkness.

The maps presented in this volume are not from a selected list of the “best available’ but rather
are representative of the quality spectrum to be found in the TIROS 11 radiation data for which
minimum acceptability criteria were met resulting in Final Meteorological Radiation Tapes. For
example, channels 1, 2, and 4 of such orbits as 31, 246, and 261 exhibit continuous patterns with rea-
sonable appearing gradients throughout the grid prints, whereas channels 2 and 4 of orbit 1, for
example, contain noisy patches with improbably large gradients interspersed among the more
regular radiation patterns.

xi
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