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sumieeT:  System Comparison (U) ' 28 FEB 1959
N

v SAFRD (Dv. Flax)

1. =£8/5%— We have comparad the costs, performance and schedules for
Aly Force Program 417 and the NASA/ESSA TIROS Operational Satellite (T08)
program, The informstion on which the review is based has been assembled
from available NASA/ESSA program documents, We have not coordinated this
letter with NASA or ESBA.

2. —BAHSPORN— The following assumptions are made:

a, Development, maintenance and operation costs of similar systems are
assuned comparable.

b. Data guality is s function not only of the sensor, but the entire
systen including ground readout terminsls and dats processing subsystems.
¢. Impact of encryption is equally severe for all systems. The
current NASA position 1s that all R&D satellites will be shut off on
direction rather than carry encryptlon devices. ESSA is nol planning

use of any encrypbion devices through 1973.

de Civilisn and military needs for broad scale global weather data,
~analysis and prognosis are common. NOMSS will meet military needs for this
type of data except for fregquency of observation.

&, The TIROS-M and Tmproved TOS (ITOS) satellites through 1973 are
designed for operation only at ascending node times of 0900 or 1500 hours.
Any other operation time will require development of a new spacecraft at
— , a cost of at least $18 million (TIROS-M spacecraft development cost) and

about two yesrs time.

3. —Efohhd— Attachment 1 is the latest available summary of the NASA/ESSA
programs. Attachment 2 shows the latest launch scheduls., Attachment 3
is a draft of the recent DOD/NASA cost analysis in the meteorological
satellite program avea. Atbtachment 4 swmmardises recurring costs for the
two programs and thelr performance 1s compared in Attachment 5. Paragraph
12,1 of Seetion 12 in the Program 417 joint service plan summarizes the

N .

vhilosorhy of & military meteorological ssbellile system.

PV

fagsified Space Projects

Jumber_ " or thelr regrasentatives,

At
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Ca. At present, ESSA plans only one TIROS-M/ITOS spacecraft on-orbit

through 1974 at a 1500 ascending nods time.

b, The 800 NM altitude of the ITOS satellites generates s problem in
transmitting tectical quality data (.5 MM resolution) from the satellites to
ground terminals. At present, it appears that the space-ground commui-
nications bandwidth reguired to handle the proposed ITOS-D 1/2 BM resolution
data will exceed the siate-of-the-art in the 1973 time period.

¢. Based on the recent DOD/NASA cost savings analysis of ths metsor-
ological satellite area it was recommended that the planned system of one
civilian satellite (TIROS/ITO3) and three Program 417 (Block V) satellites
be continued for the near term.

d. A conflict in priorities results if the IT05 satellite coverage
capabllity is Limited becsuse of partial subsystem failures, The primary
ITOS eoverage priority is the Continental U.S.  The tactical military area
of interest is overseas. Thus, an additicnal satellite would have to be
Jeunched for military coverage during crisis periods in the event of partial
ITOS satellite failures. ESSA is presently not planning this kind of back-
ups

e. NASA/ESSA plans for spacecraft power necessary for accommoddtion of
military neseds are vague at present,

4, =58y Our conclusion is that Program 417 can satisfy military meteor-
ological satellite requirements ot about 1/3 to 1/2 the on-orbit costs of
the IT05 system which is dedicated to national/international users.

5 Atch
1. Swemary (U).
2. Launch Schedule (U).
- - 3. Cost Analysis
WALIER R. H?DRLSI;’ gg;.l? 4. Summary of Recurring Costs E5/55R).
Srigadier General, U 5. Summary of Performance .

Dirsctor of Space
DES/Research amd Development.
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AL .OSPHERIC MEASUREMENTS FROM SATE. TES

"When you can measure what you ave speaking ahout
and express it in numbers, you lmow something about it;
but whin you eannet measure it, when you cannot express
Hin numbers, your knewledge is of a meager unsatis~
factory kind." — Lord Kelvin

Man's quest to understand, predict, and cope with his
environment depends on his ability to measure it and to
apply these measurements te models or hypotheses,
Since man's environment is global and its changes are
effected by a global distribution of the individual para-
meters, to understand and prediet depends on a global
observation,

Man's ability to measure his envivonment has steadily
increased in the pastiwo centuries with the use of barom-
eters and anemometers. It has advanced not only in
quantity but also in type with ability to caleulate at-
mospheric constituents and temperature profiles. It has
advanced by means of various tools or platforms such as
balloons, buoys, and aircraft. The advent of the space
age has enhanced man's ability to obtain the needed type
and quantity of atmospheric measurements, Data obtained

by satellites complement measurements from other plat-
{orms as a source of information W enable complete
global chservation and to help understand and predict
atmospheric phenomena.

Atmospheric measurements made by using satellites
as a platform have been those of ¢loud imaging and radi-
ation and the measurements which can be inferred or
deduced from these. Satellites used so far are the TIROS,
Nimbus, and ATS (Pigurc 1). The current operational
meteorological satellites (ESSA's), based on TIROS-type
spacecraft, are spin-stabilized platforms placed in a sun-
synchrohous near-polar orbit to provide complete grlobal
coverage of the earth and its atmosphere once each day.
These satellites provide both global and local readout of
the clondeover and some measure of reflected and emitted
solar radiation. An improved aperational system now
under devélopment will provide, in addition to global and
local readout of daylime earth's cloudeover by TV cam-
eras, observations of day and nighttime cloudcover through
the use of an infrared radiomster. This will provide two
cbservations in the day and one at might over the complete
sarih.

FIGURE 1. NASA METEOROLOGICAL SATELLITES
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ser d twice per

ments. The ATS sntellites are designed to test and
develop  stmoesphefic nreasurémeont systems {(and com~

ns sysiems) from geosynehronous altitudes,
thus providing continuous observations of epecific arcas
of the earth., aAlthough the ATS dpacecraft are both spin-
and gravity-gradient stabilized, those which provided the
atmospheric measurements were spin-stabilized. Pro-
jected for the future is an operational geosynchronous
satellite system for continuous measurvement of atmos-~
pheric parameters and for collecting and relaying of
measurements rom other platforms such as romots
stations and buoys.

The asccompanying table is 2 chronology of satellites
which have provided atmospheric measurements snd the
speeific sengors which were Ilown, a listing of plamned
satellites with their atraospheric sensars, and some vital
statistics on the sensors which have been flown er which
are under development.

Sensors on the sateliites flown fo daie were designed
to map cleudeover by using visual and radicometric sen—
sors and to telluric and reflecied solar radiation in
the various spectral bands, Most sensors being developed
for futurse use represent improvementis of present sensovs
to provide better spatiai and spectral resolution. Some
will ebserve in several gpectral bands {o allow the infer-
ence or deduction of several stmospheric paramealers —
for instance, temperature distribution. More importantly,
they will provide a gource oI inpui to the numerical
weather-prediction program which has been hampered
until sow by the lack of global observations.

map

Excellent descoriptions and applications of these mens-
urements appgar in papérs by W. Bandsen, "Experimental
Approaches to Remots Atmospheric Probing in the In-
frayed from Satellifes,” GEFPC XE28-68-146 (Muy 1960),
and W. Nordberg, "Develepment of Meteorological Satel-
lites in the U. 8.," G8PC X626-68-311 {Aug. 1968).

TIROS 1 was intended to demonsirate that satellites
could be used to make atmotpheric observations and that
these observations could be used in weather analyses and
forecasts, The first pletures received left little doubt
thut these two purposes were fulfilled. Howeber, what
was not ohivicus at the tirhe was the extent to which in-
strumentation could be develsped and the extent to which
use pould be made of these observations. The gradual
evolution of taghnology, both enginesring and scientific,
has significantly advanced our zbility both to measure and
io zpply these measurements,

First, tha weaiher satellites have evolved into an ap-
erafional svetém thet pan view the complete earth daily.
¥rom this capability comes a wariely of assels: these in~
clude the ability to detect and map all cloud structures,
and especially to detect and follow hurricanes, jet streams,
and vther mesoscale phenomena. For instance, wa now
have fechuiques which not only allow the location of the

spiral bands,

“es of wind spoeds in the
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DIAMETER OF CLOUD
(CEG OF LAT)

{From: A. Timchelk, L. F. Huberr, and 3, Frirz. “Wind Speeds fram
TIRGS Pictures of Storms in the Tropies.” Metesralogical Sarelitre
Laboratory Reparet 33, U. 8. Daportment of Commerce, Weother Buraau,
Fobruary 1965)

FIGURE 2. CLASSIFEQATiOZ\I AND NOMOGRAM FOR
ESTIMATION OF WIND SPEED
relation to cirrus clouds. A satellite system permits us to
track and to observe the structure of macrosecale phenomena
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{From: U. 5, Navel Ceeanographic Office}
FIGURE 3, PROVIBIONAL SATELLITE ICE
CHART, JUNE 1968
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- :gnd'x:o stydy the elimatology of ¢lou stems and move-
. ments. on a rlobnl Lasis. This leads 1o the development
s for use in many flelds and w

mdivgs of the enerpy T Tram low 1o high

of refor
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Snow cover and sea ice can be readily identified in

satcBite phologr '\p\.a. {,n'ﬂ' s of ice boundar:cb (Figure

te and the stucy
of the visual images will provide the basis for a better
underatanding of the almospheric processes on 4 global
basis.

RE‘.(DTE DET £CTIO‘! oF THE cute STREAEJ EUUHDARY
_ HiGH RESCAUTIGN PAFRARED RADIOMETER
(KRIR - 33 10 414} MEASURERENTS
REMBUS 1, DRENT 23379,
JUHE 2, 1983

{F;cm: G. Wornecke, L. M. McMillen, and L. 4. Allison. “Qceon Cur-

rents and Sac Surfoce Temperaturas Observations from Meteorological

Satellites.” NASA Technical Nete {to be published, 1949).)

FIGURE 4.

From a corrective standpoint, satellite ohservations
have ghown that the average albedo of the earth and its
atmosphere is some 5 percent below ecaleulations hased
on extrapolations of land-based measurements. This
difference may be explained by the over-estimate of total
cloudcover from land-based observations as opposed to
the observations made {rom satellites orbiting outside the
atmosphere and viewing the total cloudeover.

Incorporation of the APT sysiem info weather-satellite
systems has provided the local user with a wealth of in«
formation in real time. Foreeasting is less accurate, the
longer the time from the ebservations and analyses used
a5 its basis. A real-time picturé of a cloud structure
decreases the time period and increases forecasting
aceuracy.

These are only a few applications of data from the
current eperational system. I we now look to the appli-
cation of the systems flown on the research spacecraft,
and the capabilities of those specifically planned, we need
Little imagination to recognize their potentials in an op-
erziional system, The high-resciution infrared radiom-
eter flewn on Nimbus and the radiometers planned for the
improved operational systems maks observation af night

Approved for Release: 2020/02/07 C05114971

as {easible and as pra
‘ &n, ihese wata can ke
I'tixilﬂb{‘d‘bdi‘;.&(.\. temipicratures, either ground or ¢loud-
ton. Furthor infecence or carrelition with other measure«
ments will permit determination of the eloud height and,
to some extent, of the cloud type, 2 parameter that ig vital
in numerous applications of cloud measurements. The
gvailability of

1 as visual scanning during the
terpreed o provide

1o provi

surface temperzaiure in clowd-{ree areas

bales ’“"'v ok ien

movement.

Several of the sensors to be flown oni Nimbus B2 and D,
as well as the vertical temperature profile radiometer
planned for a futuye improved operational spacecraft, will
provide radiation measurements from which the vertical
distribution of ternperature can be inferred or computed
on the basis of correlations with other measurements.
Seme will also furnish data for use in calculating the dis-
tribution of other aimospheric constituents such #s water
vapor and ozone. These measurements, important in the
synoptic methods of atmospheric analysis, are vital to the
dynamical or numerical weather-prediction program which
promises to provide atmospherie circulation analyses and

" forecasts for periods much longer than currently possible.

The mere number of variations of sensors that can obtain
these measurements is evidence of their importance: The
IRIS {infrared interferometer specirometer) is a Michel-
son-type interferometer designed to measure the earth's
spectral radiances in the 5« to 20-micron wavelength
interval, with a spectral resolution equivalent to 5 re-
ciprocal centimeters. These radiances will be used to
determine the characteristics of ozone and water vapor
and to infer the temperature structare of the stmosphere.
The S5IRS {satellite infrared specirometer) is a Fastie~
Ebert grating spectrometer designed to measure earth's
spectral radiances in the carbon dioxide absorption band
for inferring the temperature structure of the atmosphere
{Figure 5). The VTPR (vertical temperature profile
radiometer } containg 8 filters (6 in the carbon dioxide
band, 1 in the water vapor band, and 1 in the window), It
is intended sclely to infer temperature profiles.

In 2dditicn to these sensors, there are the guasi-
satellite instruments like IRLS and OPLE which can col-
lect and rapidly distribute in sifu measurements from
remote stations, buoys, balloons, etec. IRLS {the inter-
rogation, recording and location sysiem) is designed fo
obiain near-real-time data generated by unmanned in~
strumented platiorms in the atmosphere {balloons) and on
the earth's surface (buoys). Data irom these platiorms
are zutomatically transmitted to orbiting spacecraft for
subseguent readout at ground stations. The data can be
used to locate the station; and, if the station (such as a
balloon) is moving with the wind, the wind can be caleu-
lated. OPLE is a system similar to IRLS with the major
exception that position is determined by the U. 8. Navy's
ground-based Omega navigational system. The OPLE
{Omega position~lacation experiment)is compatible with
geosynchronous satellites, whereas IRLS is compatible
with polar-orbiting spacecraff.

Recent exploration of the ATS~-1 imzages of cloudcover
(Figure 6) on an hourly basis has demonsirated the po-
tential of defining winds in the tropical areas zrd the
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FIGURE 5. DEDUCED TEMPERATURE PROFILE IN
CLEARSKIES FROMDATA IN THE 15-MICRON CAR~
BON DIOXIDE BAND ACQUIREL AT 7:57 AM. C8T
BY A BALLOON~-BORNE VERSION OF 8IRS (BOLID
LINE). THE BALLOON WAS LAUNCHED TO AN AL~
TITUDE OF 100,000 I'T. ON BEPTEMBER 11, 1964
FROM PALESTINE, TEXAS., THE DASHED LINE IS
THE NOON C8T PROFILE FROM THE FORTWORTH
RADIOSONDE, (AFTER WARK ET AL,, 1867).

movement of vorticity patterns from the southern to the
northern hemisphere. Briefly, the estimation of cloud
type and height and their dependence upon movement (as
opposed to dynamical forces evidencing stationary cloud
structure) , together with the recognition of identical
clouds from one Image to another at hourly intervals,
afford an opportunity to measure winds and vorticity.
These measurements have pointed to the probability of
air motion from the southern hemisphere with cyclonic
motion to the northern hemisphere with anticyclonic
maticn. Initiation of a continuous-viewing capability by
“mesns of an operational synchronous-satellite system
means that these cbaervations can be applied to a verifi-
cation of this hypothesis and can thus lead to a belter
understanding of the worldwide exchange of atmospheric
enerEy.

The use of WEFAX through the ATS 1 and 1T satellites
has demonstrated the practicality of transmitting dala
collected and analyzed at a central location to users in
remote or distant Ipcations which either cannot provide

T T T L ey

NASA ATS I MESCL 18 NOV &7 1903032 S5P 45.10%W D0.05°S ALT 2224059 SM

FIGURE 6. ATE-3 SPIN-S8CAN COLOR CAMERA
PHOTOGRAPH, NOV. 18, 1967, 18002

fapilities of their own or canvot obtain these analyses
more afficiently.

Currvent ideas Tor future satellites are primarily ex~
tengions of current capabilities, such as improved radio-
metricobservations, We canalso use satellites fo measure
sferics and sea state through the use of microwave ra-
diometers, lasers, ete.

Just as the possible applications ol current technolegy
{use of multicolor imaging, for instance) elude us now, 80
did the applications of visual and radiometric measure~
ments ten yedrs ago. We are better able to visualize the
poasibility of using satellites to obtain regularly the
measurements reguired, but not necessarily sufficient, to
understand and predict our environment. These measure~
ments include those made globally and on a gquasi-continu~
ous basis.

Our ability to apply these measurements will decide
whether or not we can advance in our understanding.
More specifically, we are faced with the problems of
processing snd applying the wealth of data available
from all sources, but particularly from satellites., The
"data explosion” is real. Space-age technology has ex-
ceeded cur ability to assimilate and apply the measure~
ments. Just as atmospheric scientistg of the World War
0 era were edugated and stimulated in the use of upper—

- air data, we must edocate and stimulate the scientists in

the use of satellite data. The potential is great. We have
the ability to measure on a global seale, to provide
measurements from outside as well as inside our en~
vironment, and to makeé these measurements available

in real time. Our knowledge of the atmosphere shonld
not be of "a meager and unsatisfactory kind,” but of an
abundant and powerful kind which can help o solve some
of the pressing problems of pur civilization.
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‘Tesignation Orbit (Nominal)
Lainch Meteorulogical Sensor Reinacks
: Date Inclination Altinde Complement
Prelaunch In orbit
(degrees) (n.m.)
Nimbus F - - - -
AT F - - - -
ATS G - - — e
TIROS - Television InfraRed Observational Satellite
oT - Operational TIROS ~ (ES8A-funded spacecraft in TIROS program)
TO8 - TIROS Qperational System (E88A-funded eperational program)

ITO8 - Improved TIROS Operational System - (ESSA-funded operational program)
E88A - Environmental Scicnces Satellite - (TIRCS OT-2 & OT~3 - TOS & ITOS satellites)

AT8 - Application Technology Satellite
D/N - Day and night capability

S&LR - Btored and local yreadout capability
B&W - Black & white

ATMOSPHERIC SENSORS

» RADIOMETRIC

MRIR ~ Medium Resolution Infrared Radiometer
(5-degree field-of-view, 30-nm resclution)
S~channel scanning instrument flown on
TIRGS & Nimbus with varying sensor spec—
tral bands (microns), as follows:

TIROS I & 111 TIROS IV TIROS VII
6.0 ~ 6.5 8.0 ~6.5 14.8 « 15.5
8- 13 B - 1% 3~ 12
0.2 « 8§ 0.2 « 6.0 0.2 - 6.0
8 ~ 30 — 8 - 30
0.6 ~ 0.95 0.55 - 0.75 0,65 - 0.75
Nimbus [T Nimbus 8-2
6.7 6.7
16~ 11 10 - 11
i4 - 16 14 - 18
5-80 20 - 28
0.2 « 4,0 0.2 - 4.0
Application: Cloudeover mapping

Storm tracking

Surface temp.

Cloudtop heights

Radiation halance

Tropospheric water vapoy
Stratospheri¢ temp. and circulation

Wide-Angle Cone ~ A low (350 nm)~-resolation un~
chopped radiometer to measure the equivalent
blackbedy temperature and albedo of the sarth
within its 50-degree field~of~view

TIROS I, 1L & IV

Application: Radiation balance

Omnidirectional - A pair of hemispheric shells, one
white and one black, to measure long- and short~
wave radiation over the entire earth’s dise

TIROS 111, IV & VII
Application: Radiation balance (long-wave
emission ~ albedo)
FPR (Flat Plate Hadiometer) -~ & variation of the
omuidirectional radicmeter
ESSA II, V, VII - TOS-G - TIROE-M - ITOS A,B,C

Application: Same as omnidirectional

HRIR - High Resolution Infrared Radiometer (scan-
ning) = with spectral bands (microns) as follows:
Nimbus T & I Wimbus B

6.7 = L3 (1) (G-pm res)
8.5 ~ 4.1 {N) (5-nm res}

3.5 - 4.1 {5~nm Tes)

TIROS M & ITOS

0.52 - 0.73 (VIS} {2-nm res)
10,5 - 12.5 IRy (4-nm res)

Application: Cloudeover mapping
Storm tracking
Surface temp.
Cloudtop height {absolute emission
measurements, nighttime only)

IRIS ~ InfraRed Interferometer Spectrometer

Nimbusg B-2 5-20 micron, spectral resclution
5 em™?

Ry
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Mimbos D 43 - 50 mieross, spectral resolution
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3IRS ~ gatellite InlraRed Bpectromoter

Nimbus B-2 « 8 channels (7 in €04, 1in 11~
pieron window - spoctral resolu~
tion § em ™!

NMimbis D 14 channels (7 in CO,, 6 in rota~
tlonal H,0, 1 in 1l-micron win=

dove, spectral resolution § em ™

Appliostion: Vertical tomp. preliles (Nimbus
B-2)
Vertical profiles, temperature &
Ii20 {Nimbus D}

THIR - Temperature Humidity Infraved
Radiometer

Nimbus D ~ 10.5 ~ 12.5 micron, 4-nm resolution
6.5 - 7.0 micron, 12-nm resolution

Cloudcover mapping

Storm tracking

Burface temp.

Cloudtop heights

Air mass discrimination ~ vertical
motion

Jet stream lovation

Application:

FWE - Filter Wedge Spectrometer

Mimbus D - 1.2 ~ 2.4 microng
3.2 - 6.4 microng

Appleation: Determine lquid water or ice cone~
tent of clouds (1.2 - 2.4)
" Vertical temp. profile (4.3 €O,
band)
Vertiecal HQO profile (6.3 H,0 band).

MUSE - Monitor of Ultraviolet Solar Energy -
Measures solar radiation on 5-100 A
wide spectral intervals from 1200 A fo
2600 A

Nimbus B-2 & D
Application: Energy input into the stratosphere

BUV « Backscatter UltraViolet ~ Spectrometer
to measdre intensity of solar radiation
reflected by atmosphere in 14 intervals,
each 10 A wide over spectrum from 2500
to 3400 A

Nimbus D
Application: Vertical distribution of ozone
‘¢ PLANNED FOR IT0S

VHER - Very [ligh Resolution Radiometer -
0.5 nm resolution

ER SN B bV Fatih ot B nl o) ol Ei Bl SIRFLE £3 N PRERIC P YL 3 -
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0.8 - 0,7 microng visuad cheanel
p et g s

g

3

Speciiic oporstional spacoorali nct

assigned

Application: Cloudcover mapping
Storm fracking
Surface temp.
Cloudtop heipghts
Albedo

VTPR - Yertical Temperature Profile Radiometer
- & channels in the CO, band, 1 in the
i, O yotation band, 1 in the 11-micron
window. Fleld-of-view is 2 degrees;
lineatr resclution is 25 miles

Application: Vertical temperature profiles

Propoged ~ Very High-Besolution Radiometer
for Synchronous Altitudes

A scanning radiometer operating in the 10.5 to
12.86-micron spectral region containing an 8-inch~
aperture diameter cassegrain telescope and a cooled
{80°K) detector to provide subsatellite ground réesolu-
tion of approximately 8 numn

Application: Cloudcover mapping
Storm development/tracking
Surface temp.
Cloudtop heights
Upper level winds

o CAMERA SYSTEMS

1/2" VID - Standard TIROS vidicon ~ 500-line

W -~ Wide-angle lens - 104° (74° side to
side)

M -~ Medium-angle lens - 78° (56° side to
side}

N ~ Narrow-angle lens - 12.7° (10° side
to side)

TIROS and ESSA [

AVCS - Advanced Vidicon Camera System « 1"
vidicon - 800 ling ~ .45 ~ .65 microns.
Mimbus I, I - ATS I - BESSAIIL, V, VI -
TO8-G = TIROS~-M ~ ITOS A, B, & C.

APT =~ Automatic Picture Transmission ~ 1"
vidicon - 800 Hne - 0.45 - 0.85 microns.
to side)0.45 - 0.65 microns - provide local
readout only.

TIROS VIII ~ Nimbus I, II - ESSA I, 1V,
VI, VIIL - TO8-H ~ TIROS-M ~ [TOS A,B,

.

IDCS - Imagé Dissector Camera System - 0.45 -
0.65 microns. - 780 line
ATS HI - Nimbus B-2, D
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. CHRC LOCY OF METEOROLOGICAL SATELLITL
Designation COrbit (Noiminal}
Launch Meteorological Sensor Hemarks
Prolumineh {2 orbit Date Inclination Altitude Complement
{degroes) (..}
TIROS A-1 TIROS I Apr. 1, 1960 48 400 2-1/2" vid (IW+1N lens) | First met. sat.
TIROE A=2 TIROS 1T Nov. 23, 1960 48 400 2-1/2" vid (1W+1N lens) | First IR
I MRIR
1 wide-angle conrad.
TIROS A-3 TIROS 1Y | July 12, 1861 48 400 | 2-1/2% vid (2W lens)
1 MRIR
1 wide-angle cone rad.
1 omnidiv, rad.
TIROS D TIROS IV Feb. 8, 1962 48 400 2-17/2" vid (1W+1M lens)
1 MRIR
1 wide-angle cone rad.
1 ormmidir, rad.
TIROS E TIROS V June 19, 1862 68 400 2-1/2" vid (1W+1M lens)
TIROS F TIROS VI Sept. 18, 1562 58 400 2-1/2" vid (1W+1M lens)
TIROS G TIROS VII | June 18, 1963 58 400 | 2-1/2" vid (2W lens)
I MRIR
1 Ommnidir, rad.
TIROS H TIROS VI | Dec. 21, 1663 58 400 1 APT First APT
1-1/2" vid (W lens)
Nimbus & Nimbus I | Aug. 28, 1964 Sun~sync 600 1-trimetrogon AVCS First HRIR
' 1 HRIR (S&LR)
1APT
TIROS I TIROS IX | Jan. 22, 1965 Sun=syne 400/1600 | 2-1/2" vid (2W lens) First worldwide
cov. - first cart-
wheel mode
TIROS (OT-1) TIROS X July 2, 1065 Bun-gyne 400 2-1/2" vid (2W lens) Axial mode
TIROS (OT-3)| ESSA-T Feb, 3, 1666 Bun-sync 4060 2-1/2" vid (W lens) First opnl. sys.
TIROS (OT-2) 1 ES8A-II Fehb. 28, 1966 Sun-sync 750 2 APT First opnl. sys.
Nimbus C Nimbus II | May 15, 1968 Sun-~syne 800 I-irimetrogon AVCS
1 HRIR (8&LR)
) 1 MRIR
TOS A ES8A T Oct. 2, 1966 Sun~syne 750 2 AVCS
1 PR )
ATS B ATB I Dee. 7, 1966 Geosync o 1 8SCCE (B&W) First meteor.
’ WEFAX geosyn sat.~
first WEFAX
TOS B ESSA IV Jan. 26, 1867 Sun~syne 750 2 APT
ATS A ATS 11 Apr. 6, 1867 - - 1 AVCS
TOS C ESSA V Apr, 20, 1987 Bun-gyne 750 2 AVCS
1 FPR
ATSC ATS I Nov. 5, 1867 Geosync - 1 8§8CCE«¢olor Fivst color—
1 10Cs First data col-
WEFAX lection
OPLE
TOR D E88A VI Nov. 10, 1967 Sun-syne 750 2 AFPT
Nimbus B - May 18, 1968 Lannch vehicle See Nimbus B2

fallure
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Mdteoroly,, cal Sensor
Complomeoent

Romurks

ATS D

TOS E

TOS P

ATS IV

EBSA VI

BssA VIO

Aug. 10, 1968

Aug. 16, 1968

Doc. 15, 1968

Launch vehicle
fajlure

Sun~sync

Sun-~sync

110C

2.AVCS
L FPR

2 APT

" PLANNED AS OF

JANUARY

1968

Nimbus B-2

TOB-G

TOS-H
ATS E
TIROE M

Nimbus D

ITOS A

ITOS B

ITOS €

ITOS D
ITOS E

Himbus B

ESSh

May 1969

Feb, 1869

On call
Aug, 1969
May 1969

Mar. 1870

Nov, 1969

Cn call

On call

On call
On call

Sun=~syne

Bun-syne

Bun=-syne
Geosyne

Sun-sync

Sun~sync

Bun-gync

Sun~gyne

Sun~sync

Sun-sync
Sun~syna

800

600

775

K&
778

1 IRIS
1 BIRS

1 HRIR (D/N) {(8&LRy
1 MBIR

1 MUSE

11IDCs

1 IRLS

2 AVCS
1 FPR

2 APT

2 AVCS
2 APT
2 HRIR (S&LR)
1 8PM
1 FPR

1 IRIS
1 SIRS
1 FWS
1 BUV
1 THIR
1 8CR
1 MUSE
1IDpCs
1 IRLS

2 AVCS

2 APT

2 HRIR (8&LR)
1 FFPR

18PM

2 AVCS
2 APT
2 HRIR (S&LRY
1 FPR
18PM

2 AVCS

2 APT

2 HRIR (S&LR)
1 FPR

18PM
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8SCCE - 8pin Sean Cloud Cover Experiment o OTHER
igg"g ‘ ?;f"‘il‘ &évl"}“to';\é?g }:I WEFAX - WEather FACsimile - Transmission of
ree Lalor weather data by satellite facsimile
IOC - Image Orthicon Camora {Day/Night) ATSI, 11
also contains movable mirrors to se~
loet speeific areas.  800-TV-line OPLE - Omega position Jocation gquipment ~
horizontal resolution and 620-TV-line Data collection from remote sensors
vertical resolution, ATS T
- ATS IV

IRLE = Interrogation, recoxding and location
systom
. Nimbus B~2 - Data collection and
@ PROPOSED ranging
Nimbus D ~ Data collection, ranging,

High-Resolution Color Camera Experiment and wind tracing

(for Synchronous Orbit)

SPM =~ Bolar profon monitor - Measure flux

Atwo-camerd system (5000 line each), one to of pro%ns in the 10, 30 and 60~Mev
image the entire earth with ground resclution of 1.8 range and electrons in the 100 and 750~
miles/TV line and one covering 2° with stepping kev range

‘ ;;;g;ablhty and approximate resolution of 0.2 mile/TV TIROS-M, ITOS A, B, C
. : . . SCADS - Scanning Celestial Attitude Delermina~
High~Resclution Mulli-8pectral Camera tion System - Attitude determination
: 0, . i

A 2-inch return~beam vidicon with reselution in zgrizage;hm 1 deg. accuracy in
excess of 4000 TV lines or 200~ft, ground resolution
while viewing a 100 x 100-gtatute~mile area. Not scheduled

Approved for Release: 2020/02/07 C05114971
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Flgure 9. Projccted Schedule for Operational Satellites end Primary Sensors y -
(St?d Ferrcwend Sor .5‘&/{":'(!‘[/'3: Limito 7{,(;/” »'_/?-j}-?d‘«if’d bt/ 7}1(4,;,5 /"9'-'/’/ J‘::/ndr;g}f; ared (?62(//177'}[7/rf:3) )
7 2 .

" e
S 3 . 8
FY=1969 =1070 Y-21971 w1972 FY-1973 g !
e N S :
T0§ ¥ H (Resexrve)
ABT
JEHIL L
TOSG , _
fAVCS vl e
? ]
T o o D
TIROS M 5
, AVGS, APT, SR
O | O B‘;@ , o
Operational LLOS A, 7| :
Satellite and : :.-\\vCS, AFT, SR
appreximate life H O S
O e o o ‘ : . 1T08~C | 1
Fe k] b ol
Reserve . : , AVCS, AT, SR 1
Satellite i i o ‘ S
, i i TR0STD |
e =2 L APT! SR, (vizr )
Prototype : % o !
Satellite R ¢ GOES TA
T SSC,WEFAX,DCER
T : S—
i £ e wor s § 2
i “TiTessE ot
i APT) SR, VHRR
i S
: ‘ ' _ 17058
: SR, VHRR {vTPR {1}
: : :
Period wpanned by ' : AVCS : . «
primary sensors 1. APT } | . 1‘
L - “ SR | i |
- ! P T ppe—r ». R
- © g U e 1 VERR 1o
| T TTouRR
i CX ey V70 .- e a7l ; cfhiarn, o 1gyl3~
NOTE! Hews should 7751 be shean | :
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Ao Batellite Svsten Combinations o Meet Reguirements:

NOTE: One ecivilian satellite is imperstive in view of international
aspects. Costs shown ave in willions and reflect total on-orbit costs
including all launch services.

Severate Civil-Military System ALl sza.l Planped Mixture.

1 ¢ivil Setellite 9.6 u Civil @38 b3 1 Ccivil  $9.6
b Mil Satellites 10.9 3 Mil 8.2
TOTAL $20.5 P304 517.8
B. Development and Production Costs: (& in millions) A
« Estimated
nasa (RzD) A Fi-69 FY-T70
Supporting Ressarch & Technology L.8 L.9
T‘[ROS/”‘OS Tmprovenents 5.8 5.2
HIMBUS 21.9 20,2
ATS Experiments 1.3 T
Iaunch Vehicle (MIMBUS Only*) 7.6 6.8
R&D TOTATL 514 $h6.8

#ATE launch vehicle costs are charged to the ATS program.

Esss {Production-Reimbursable) . F-59 FY-T70
TT08 10,0 6.0
Taunch Vehicle/Service 2.2 k.2
Prod. TOTAL  $12.2 $10.2
WASA /ESSA TOTATL 63.6 57.0
LoD
Development (Block V) 10.6 9.5
DEV. TOTAL 10.6 9.5
Production ~ Spacecraft (Block V) 0 .5
Lavnch Vehicl es/Semce 3.2 3.2
1.7+1.5)

— PROD. TOTAL 3.2 7.7
DOD TOTAL 13.8 17.2

‘ Atbenle

GRIGP-3

Dawngrade” at 12 y:‘r 'mw«!\;

ot
Mol aulemaiis ally o elassHign. :

S
g 40 PR

R

Approved for Release: 2020/02/07 C05114971



Special Access Required el

pproved for Release 2020/02/07 CO5114971
.r_“ Ve | S Fmaeg B

e T

SUBJECT: Analysis of Possible Near-Term Cost Savings in the NASA/DOD
{eteorological Sztellite Program Area (U)

TO: Howmer E. MNewall Dr. Jobn S. Foster, Jr.
Associate Administrator Director of Defense Research
Natlonal Acronzubics and and Engineering

Space Administration
Introduction:

(U) Besed on the Terms of Reference drafted 23 July 1968, a small
group of NASA/DOD personnel met during the period of 25 July to 1h August
1968 to review progrem alternatives and determine any possible near-tern
cost savings. Mr. David Johnson of ESSA was invited to meet with the
group on 25 July in the capacity of an expert technical advisor.»

(U) Militery operational rTeguirements, including current and planned
ways of meeting them, as well as R&D responsibilities and efforts were
revieved and discussed. The diseussion which follows, is based on this
review end on those inpuls provided Ly Mr. Johnson on 25 July.

Discussion:

{slsami—Tn the discussion of the kinds of observations needed Trou
the operational systenm, the military requirements considered were those
conbained in Attachment 1. Civilian recuirements were stated by Mr, Johnson
to be essentlally the same as the wilitary although no formalized parametric
requrements 1isting was obtaineble from EZSSA. Civiliw obeervation Trequency
requirements were not considered to be as stringent as those of the military.
Further, the civilian neesd is for global stored data as well zs global,
realtime direct *ea.é.out of AFT (Au‘tocs.a tic Picture Transwission) type data.
The military alsc requires these {ypes of data but with special emphasis

on global coverzgs with timely direct, or stored readout data in specified

g, s
R

-\

rna Drniset
L8 ITGECL
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areas of military interest. Moreover, in view of the state-of-the-art
expected»in the 1968-1971 period, the discussion waé limited to operational
meteorological sate;lite capabilities having visual and infrared sensors
to determine cloud distribution and tops. Various satellite system
combinations (military, civilian, or mi¥ed) were considered which would
theoretically meet these requirements. As shown in Attachment 2, a system
'consisting of one civilian and four military satellites would cost aﬁout
$21 million annually. A system composed of four civilian satellites
would cost about $38 million anmually, end the currently planned system
which is composed of one c¢ivilian and three military satellites, would
cost ebout $18 million annually. The discussions clearly indicated that
althougn numerous alternatives appear to be possible for the long range,
there appears to be no area of overlap which could be elimireted,
curtailed or combined to effect cost savings over the next few years,
The group concluded that so fzxr as ﬁhe near-term is concerned, the presently
plenned cooperative system composed of one civilian and three military
satellites is the best solution.

—f5/6m—The problems associated with the adoption of a different
civilian/ﬁilitary system concept were considered to be emormous due to
the pature of the programs involved, International commitments, and other
operaticnal prcblems, such as aveilability of datz and security requirements.
For example, in accordance with a 1963 bilateral agrsement bebween the
United States and the USSR, data fron the meteorological satellites of
both countries aré exchanged over é direct link between Washington and

=

Moscow. Under the U.S. policy for peaceful use of space, data from U.S.
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satellites is frecly available to the World Meteorologicel Community
throuvgh the World Meteorological Center. The Automaﬁic Pieture Transmission
(4PT) system on the TIROS Operational Satellite (T08) program has been
publicly amnounced in the United Watlons with all mesbers invited to
participate in the program. Meteorologists in over 50 countries have
begun to place major emphasis on dependsble roubine receipt of the APT
pletures for operabional forecasting. Thqs 5 the APT-eguipped satellites
have becope an integral part of the World Weather Watch, an international
nebeorological observation system, now under development. During 1967,
the Nationel anironméntal Satellite Center (WESC) provided training and
study facilities for the World Meteorcloglcal Organizaltion; NATC and AID
Fellows Trom Argenbina, Australis, Belgium, Hungary, Indla, Israsl and
Poland for periods ranging from one week to six months. Sclentists Irom
many other ¢ountries also visited NESC for shorbter perlods during which
they were briefed on sabellite activities. The operation of & classified
wilitary systen és an integral part of the pationsl civilian system in
such an environment would be most difficult, would probably still require
separate facilities, and even under the best civcumsbances, would
severely complicate U.S. dnterpational relations. %
—ksAeimy In the erea of research and development, it was determined
that TASA currently conducts emez:imen{:aiprojacizs and fundsmental ressarah
£or both programs at an armual cost of about $47 million. The results of
+hese efforbts are used by NASA and DOD in the developuert of the individual
cperational systems. 20D developments are plammed at an annual rate of

about $10 million. No areas of overlap in the development of flight hardware,

3 N : 1 ©#
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which is conducted by both agencies were uncovered and continued reciprocal |
visiollity into both development progrems, was considered vital.

 Recommendstions:

Based on the gbove review, we recommend that:

1, —E8A8RT— The current military &nd civilian systen mix be
continued for the neé.r—'time. «Future plamning, as in the past, should
congider the cost effectiveﬁess of other gysten cowbinallons as well as
the validation of the stated civilian and military reguirements.

2. LEfSRr— The present R&D programs be continued.

3. (U) militery and civilian programs receive continuing review
for the purpose of eliminating any overlapping and duplicatory effort and
presenting effective solutions in. the RUTE&E efforts of both agencies.

L. (U) No further study with regard to near-term cost savings

be made at this time.

e UL IO -
i A i

4 £

3 - e
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RECURRING COSTS

{Including Spacecralt, Boosters and Leunch Services)

Program 417 708/ TIRDE-M/IT08
0Y 1968 Block IV $2.5 M TOS{APT) 6.2 M
. TOS(AVCS) 86,2 M

1969 Block V $3.0 M ea. 65 TIROS-M, 17084  £9 M wn
1970 $3.5 M Po ITOS %, B 89 M oem.
1971 $3.5 M . 9 ITOS G 59 M
1972 « 83.5 M 1 IT08 DET - $9 0 M
1973 $4.8 M ITostE $ M

£17/N0MSS COST RATIO

CY 1968 1/2.5
1569 V 1/3
1970 ‘ 1/2.5
1971 1/2.5
1972 1/2.5
1973 1/1.9

Ateh 4

Erierinl Arcoss Reguired
Ulassificd Space Projectd
Number

hiaes
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'Progr&m 217

CY 1968 Bloek IV
cant

1 Satellite On~Orbit
1 Day Observation (Obg)

&, §nJmMyﬁk.8 MM Resolution (Res)

1969 Block V
iaumﬂwwww

{Q‘MQ W to
3 Day/ngflt TR Obs (fes-zmm <\1

Synoptic/Tactical Quality

Flexible kuvu“w:ngwdgdcﬁfivh
ahserradtan tim e Zomy

3 Batellites
3 Day/nght Visual Obs,
Moon)

fﬂﬂMSynopﬁlc/Tactlcal

1970 Block V
- 71
43, 5mfl

n‘
’vz pr

1972 Block V
ﬁ)i 5 3\:’ ,ﬁ,&zmtﬁgx
{

. 1973 Block V
;‘* R M{Zei:? gy

Bpecial Aeccess Reguired
Classified Space Frojects
Number 4/ /

Tactical Encrypted
*3 Day Tactxcal (L7373
({& s Wz m\)

‘Same as Above

Plug Gamma Radiation
Datector, USN Readout.
Provisions for Command/
Stored Data Encryption
if directed.

£dd Vertical Temperature
Spectrometer and 12 B
Day/ngbt Rezslution T8 obs

Ha iy

sEnsey vas
Improved Eengopese)
Regolution

ot

3

[ { e M,M-r’,,%_)\ If;‘ :.)v-/‘ {iui A'«e(j

A i

e

:_/E

TOS/TTROS-M/TTOS

A
4

“'1) \nmmi '»’i'w

e,
;

TOS(APT) 1 Satellite On-Orbit
&rw{‘ 1 Day Obs
rmds ~ 4 1M Res.

rend Symoptic Quality
Fixed 0900 L4T o

TOS 1 Satellite
(AVCS) 1 Day Obs.
. 2 NM Res
shanfiind Synoptic/Tactical
Fiwed 1500 £/7T o, T
TIROS-M 1 Satellite
1 Day Visual - 2 MM Res,
$9 1  (Booo-l0AR - BICERNIY

Vlm&‘w\)»}}

1 day, 1 night IR phs
IR Qu&w\éV&M)fyb w11y
Fixed 1500 £ 0T
(0900 Possible)

No encryption

Same as TIROS-M,
No plans for BEF
power for direct
USN Readout.

TTOS
4,B,C

Pt

S
2
.‘

IT08 D 1 Sgtellite

Same as above plus
direct readout

(4 W4 Res.,)

1 Day Visual

1 Day, 1 Night 4R

if communication
pandwidth problem
gsolved. Vertical Temp.
Profile.

Same as ITOS D.

s
o
iy

P

ITOS E

Ateh 5
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