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FOREWORD

The quantity of radiation data acquired from TIROS VII over a two

year useful lifetime exceeds several times over the total quantity acquired
from any of the previous TIROS radiation experiments. As a result, the
TIROS VII Catalog-Manual is being published in four volumes. Each

volume of this series contains time-dependent information for the specific
time period covered by the Volume concerning radiometer response pat-
terns, possible corrections for instrumental degradation, the Index of Final
M_0¥010gI_ Radiation Tapes, and Subpoint Track Summaries. This,

the fourth volume, covers the time period October 1, 1964 to June 19, 1965,
and also contains degradation corrections for channels !, 2, 3, and 5. The

first volume of this Catalog-Manual also contains general discussions about
the nature of the experiment, the calibration, and the processing, coverage
and documentation of the data. The third volume also contains discussions

about asymmetrical degradation and the channel 1 (15 micron data)
degradation corrections from launch.

Many members of the Laboratory for Atmospheric and Biological
Sciences (formerly the Aeronomy and Meteorology Division) contributed
to the success of the TIROS VII medium resolution radiometer experiment.

The task of obtaining and assembling the information contained in this
manual into written form suitable for publication was largely accomplished

by the following persons:

Mrs. Musa Pasternak, Editor
Mr. W. R. Bandeen

Mrs. Ingrid Strange
Mr. Frederick Woolfall

The efforts of these individuals are hereby acknowledged.

The preparation of the material presented in Appendix B was accom-

plished mainly through the effort of Mrs. Jo Anne Eller.
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_'I. INTRODUCTION

This volume contains time-dependent in-
formation for the period October 1, 1964 to
June 19, 1965 concerning radiometer re-

sponse patterns, the Index of Final Meteoro-

logical Radiation Tapes, and Subpoint Track
Summaries. This volume also contains deg-
radation correction nomograms for channels
1, 2, 3, and 5. General discussions of the
experiment, the calibration of the radiometer,

and the processing, coverage, and documenta-
tion of the data are found in Volume 1. Gen-

eral discussions of degradation are found in
Volumes 1 and 3.

VI. PRE-LAUNCH AND POST-

LAUNCH PERFORMANCE OF
THE RADIATION EXPERIMENT

6.2 Post-Launch Behavior of the Experiment

Channels 1, 2, 3, and 5 continued to de-
grade, and channels 1 and 2 exhibited an in-
creasingly greater degree of asymmetrical
degradation. This degradation is seen in the
quasi-global averages for floor, wall, and
both sensors (Figures 70, 71, 73, 74, 83, and

84).

The degradation nomograms for channels
1, 2, 3, and 5 shown in this volume were
constructed using the quasi-global averages

as explained in Volume 3.

From Equation (23) for W' in Volume 3,
when both the floor and wall sensors view

space, W F __ W w ___0, and the space-viewed
level is given by (C w -- CF)W s. As the
difference between Cw and CF increases with

days after launch, the space-viewed level
rises. This happens for channels 1, 2, and 4,
as shown in Figure 68.

The increase in the channel 2 space-viewed

level required a raising of the channel 2
digital number representing the space-earth
discriminant to 25 after January 1, 1965
from a digital number of 20 before that time.
(Three or more consecutive channel 2 radia-

tion values whose digital numbers are less
than or equal to the space-earth discriminant

are considered to be space-viewing. The re-
lationship between digital number and TB_

for channel 2 is shown in Figures 26 to 32.
For example, at T_. -- 12°C, a digital number
of 25 corresponds to measured channel 2
floor and wall temperatures of 217°K and
203°K respectively as seen in Figure 28.)

Since the computer now has to consider a
higher radiation level as the space-earth dis-
criminant, it is possible for it to confuse low
earth radiation values within a swath ob-

tained by the wall sensor with the space-
viewed level. Thus, one actual swath may be
divided into two false swaths, with the mis-

located data points in these two swaths being
negatively tagged. Hence, one should be
cautious in using negatively-tagged data in
a computer listing. 39

The theory predicts that asymmetrical
degradation (AOD) causes negative-going
pulses to appear in the analog signal. Ap-
parently, these negative-going pulses were
too small to be detected throughout most of
the history of useful TIROS VII data, but as
the AOD increased, they became evident.
They became approximately 4 cps by Novem-
ber 14, 1964 for channel 1 and 2.5 cps by
May 19, 1965 for channel 2.

Negative-going pulses would not be pres-
ent in the short wavelength channels even if
AOD should occur because Ws is essentially
zero within the spectral response of these
channels. To ascertain that AOD has defi-

nitely occurred in the short wavelength

channels, it is necessary to view the same
target through both sides of the radiometer.
From February 15, 1965 to February 22,
1965, the spin vector of TIROS VII was
torqued some 105 ° in such a manner as to
allow the comparison of floor measurements
over the Sahara Desert before the torquing
with wall measurements taken after the

torcluing. The results for the wall and floor
measurements of channels 3 and 5 vs scatter-

ing angle are shown in Figures 90a and 90b.
These figures show that the wall side meas-
urements for channel 3 are approximately

2.5 times larger than the floor side, and the
channel 5 floor and wall values were ap-
proximately the same.

There is some uncertainty in the actual



amountof AOD presentin channel3 at this
time because,after the initial tc,'quing had
beenaccomplished,Tc fell to --7°C (below
0°C,the lowestvaluefor whicha calibration
run had beenmadein the laboratory).

Also, thereis not a one-to-onecorrespond-
encebetweenthe componentanglesof inci-
dence,reflection,and azimuth making up
equivalent"scattering"angles.However,at
leastpart ofthe 2.5factor apparentlycanbe
attributed to AOD occurringin channel3.

As in the previousvolumes,an unfavor-
able satellite-sun geometry existed for
severaldaysat a time in the periodcovered
by Volume4, permitting the direct rays of
the sun to impingeupon the sensorsfrom
the wall directionmomentarilyonceduring
eachsatelliterotation. (SeeSection6.2 of
VolumeI for a discussionof this phenom-
enon.) Therewereelevenperiodsduring the
time interval coveredby this volumewhen
such a unfavorablesatellite-sungeometry
occurred, viz., the periods including the
orbits numbered7120-7224 (TIROS VII
days 482-489),7631-7675(days 516-,519),
8073-8219(days546-556),8464-8669(days
572-586),8771-8815(days593-596),8959-
8974 (days 606-607), 9459-9499 (days
640-642),9586-9724(days648-658),10409-
10410 (day 704), 10510-10613(days 711-
718), and 10739-10784(days726-729}.

In severalorbitswhentherewasno inter-
ferencewith the long wavelengthchannels
but interferencewith the short wavelength
channelsonly, the datawerereduced.Data
usersshouldnotethat these"sun spikes"in
the short wavelengthchannelsproduceer-
roneousvalues.

6.2.1 Channel 1 The corrections to

channel 1 data were constructed using the

W_,o values from the quasi-global average
curves in Figures 70 and 83 by the method
described in Volume 3. These corrections are

given in the two nomograms in Figures 77a
and b of this volume. The cut-off date for
the usefulness of channel 1 data was deter-

mined to be November 14, 1964 at which
time negative-going pulses reaching a magni-
tude of 4 cps were observed.

6.2.2 Channel 2 The corrections to

channel 2 data were obtained using the
W _ values from the quasi-global average

a_e

curves in Figures 71 and 84 by the method
described in Volume 3. These corrections are

shown in the nomograms in Figures 78a and
b. As in Volume 3, Figure 89 gives the

difference value -TsF<_--TB_<_F,. _ another
indication of instrumental degradation.

6.2.3 Channel 4 The history of channel
4 data and degradation nomograms from
launch until Day 249 are given in Volumes

1 and 2. Because of the subsequent erratic
behavior and severe degradation of channel
4 data, their use after Day 249 is not recom-

mended, and, hence, no further correction
nomograms are given.

6.2.4 Channel 3 The correction nomo-

gram in Figure 80 was constructed using the
method described in Section 6:2.4, Volume 1,
and is used in the same way as in Volume 1.
The values of A _ used for the correction

nomogram were obtained from the curves
drawn through the quasi-global averages of
Figure 73.

Since channel 3 degrades to approximately

one-half of its original level by December 25,
1964, this was chosen as the cut-off date for
the channel 3 correction nomogram.

6.2.5 Channel 5 The absolute magni-
tude of channel 5 values of zxf in Figure 68
decreased to an average of -0.5 cps. Thus
the correction nomogram in Figure 81 was
constructed using the new Af value and the
method described in Section 6.2.5, Volume 1.
It is used in the same way as in Volume 1.

6.3 Estimate of the Accuracy of the Data
In all cases the estimates of accuracy given

below apply to the midrange of target in-
tensities. The accuracy of the thermal

channels suffers additionally at very low
target temperatures.

6.3.1 Channel 1 The estimated short-

term relative accuracy of T,_ measurements
from a given side (floor or wall) is ___2°K,
and the estimated absolute accuracy in-
creases linearly from __+12°K on October 1,
1964 to --13°K on November 14, 1965 after



applyingcorrectionsfrom Figure 77.
6.3.2 Channel 2 The estimated short-

term relative accuracy of Wm_measurements
from a given side is -+-2°K, and the esti-
mated absolute accuracy increases linearly
from _10°K on October 1, 1964 to ±15°K
on June 19, 1965.

6.3.3 Channel 4 No estimates for the

period covered by Volume 4 are given.

6..%4 Channel 3 and Channel 5 The esti-
mates of the relative and absolute accuracies

of channel 3 and 5 data have not changed
from Volume 1.

6.4 Comments on Significant Engineering
Aspects of the Experiment

The spin vector of TIROS VII was torqued
about 105 ° during the period February 15-

22, 1965, to permit the comparison of floor
with wall sensor data over the sun-lit Sahara

(See Section 6.2). The torquing maneuver
changed the astronomical declination of the
spin vector from +23 ° on February 15, 1965
to -65 ° on February 23, 1965. Before the
torquing maneuver, the floor and wall meas-
urements were predominately taken at day
and night local time respectively. The tor-
quing increased the minimum satellite nadir
angle (angle between the spin axis and
the orbital plane) from 17 ° to 56 ° , as listed
in Appendix A. For an orbit having a 56 °
minimum nadir angle, most of the satellite
data are in the alternating mode (Figure
B2) and each of the floor and wall directions
acquires both daytime and nighttime data on
a more nearly equal basis than it usually
does. Thus, for about a week after torquing

(February 23 - March 1, 1965) the wail
sensor viewed predominately the daytime
Sahara desert in place of the floor sensor.
The interchange of floor and wall values with
time obviously influenced the magnitude of
the average regional uncorrected measure-
ments. As listed in Appendix A, the mini-

mum nadir angle decreased from 56 ° to 22 °
by March 7, and the predominant day-floor,
night-wall pattern in the measurements re-
turned once again.

CONCLUSIONS

The major limitation of the TIROS VII
medium resolution radiometer experiment
is the uncertainty in the absolute values of
the measurements, resulting from the degra-
dation of the radiometer response, and, also,
from electronic degradation which, for the
first time, was conclusively detected in
TIROS VII. The degradation corrections
given in Section VI can serve as a guide for
interpreting the data in terms of absolute
values. However, it must be emphasized that
these corrections are only our best estimates,
based upon certain simplifying assumptions,
of the effects of a complicated degradation
mechanism which we do not yet fully under-

stand, and that the measurements thus cor-
rected may still contain appreciable uncer-
tainties.

Because of the extended lifetime of the

radiometer, the potential of the TIROS VII
radiometric data for climatological studies is
significantly greater that it was for previous
TIROS satellites. In utilizing the measure-

ments over extended periods, however,
channel 2 and 5 data should be used in lieu

of channel 4 and 3 data, respectively, wher-
ever possible because of the superior stabil-
ity characteristics of the former two
channels.

For studies involving relative measure-
ments over a short period of time, data
from channels 4, 1, and 3 are considered to
be valid for time periods from launch to
February 23, 1964, November 14, 1964, and
December 25, 1964, respectively. For such
studies, data from channels 2 and 5 are con-
sidered to be valid throughout the entire two
year period covered by Volumes 1 through 4.

3
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TIROS VII IN SUNLIGHT & DARKNESS
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Figure 18--Portions of the 97.4 minute orbital period when the satellite is in sunlight
and in the Earth's shadow, expressed in minutes after the ascending node, versus

orbit number. Figure 18 _s continued on next page.
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TIROS VII IN SUNLIGHT & DARKNESS
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Figure 18--Portions of the 97.4 minute orbital period when the satellite is in sunlight

and in the Earth's shadow, expressed in minutes after the ascending node, versus
orbit number. Figure 18 is continued from preceeding page.
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celestial coordinates of the sun and the satellite spin vector are shown for each

selected day. The time is given to the nearest minute and corresponds to the given
value of A¢.
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Figure 77w--Temperature corrections _TBe vs. orbit number, channel 1, floor side. An

equivalent blackbody temperature measurement, T'_}B, should be corrected by adding

the sTBB value corresponding to the appropriate orbit number. (STm_ includes both

symmetric and asymmetric components.)

Figure 77b---Temperature corrections STBB VS. orbit number, channel 1, wall side. An

equivalent blackbody temperature measurement, T_B, should be corrected by adding

the 8TBB value corresponding to the appropriate orbit number. ($TRD includes both

symmetric and asymmetric components.)

15



<.

_\
\

TIROS VII

CHANNEL 2 (B-12 ;), FLOOR SIDE

J
f

j v

J

J
J

J

J

J
J

J

J j Jr

J

J
I j

J
j_

I

jJ

f

28o° K

260° K

_ ""------.....___......_

.zB[ I l I I Ill I I I I I J I I I I i I i I 11 11 I I I I I 11 I I l'_kl I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I
"C)OO 72 7400 7600 7800 _000 8200 8400 8000 8800 9000 9200 9400 9600 9800 10,000 I O, 200 I O,400 I0,600 I0,800 I I, 000

DAyS AFTER LAUNCH

i I I I I i I 1 i I I I I I I I I I I I I I I I I I !480 _ 500 _1'3 S2C' 530 _4C S3C SOC S;O S_O 5¢9 60O slo 620 630 _10 650 600 _70 680 690 ZOO 710 720 730 7 O--

ORBIT NUMBER

i I I I I I I I I I I I I I I I I I

OC1 NOV DEC JAN FEB MARCH APRIL MAY 3UNE

CALl. OAR DATE _964 - 1965
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both symmetric and asylnmetric components.)
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APPENDIX A

INDEX OF FINAL METEOROLOGICAL

RADIATION TAPES

Two hundred thirty-four tapes, containing
data from 764 individual orbits of TIROS

VII from October 1, 1964 to June 19, 1965,

are tabulated on the following pages. The
FMR tapes from this period are numbered
from 789 to 1023. The nomenclature used in

the Index and an example illustrating the use

of the Index is given in Appe_ndix A,
Volume 1.
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APPENDIX B

SUBPOINT TRACK SUMMARY OF

AVAILABLE RADIATION DATA

In this section, the .time interval for which
radiation data are available on the FMR

Tapes for TIROS VII from October 1, 1964
to June 19, 1965 is summarized diagram-
matically by means of subpoint tracks for
each interrogation day. As discussed pre-
viously, an interrogation day may be con-
tained within the calendar day, or it may
consist of 2 calendar days. This method of
presentation enables the data user to quickly
appraise the orbits containing data in an
area of interest. Additional information

illustrating the use of the Subpoint Trac] I
Summaries is explained in Appendix B,
Volume 1.
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