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record before the Atlas booster succeeded it in the 1980s.

At first extended from year to year awaiting the arrival of NASA's NOMSS, by mid-
1965 the NRO’s “interim” weather satellite effort looked and acted like a formal military space
program. As its primary mission, DMSP furnished the NRP daily strategic (moming coverage,
primarily, during the first few years) meso-scale observations of cloud distribution and organization
over the Eurasian landmass. Beginning in 1965 two DMSP polar orbiting, sun-synchronous weather
satellites would  normally
function in circular orbits at
450 nautical miles altitude.
One, a moming bird, passed
over the Soviet Union about
0700 local time and relayed
weather conditions at  first
light. A second, late moming
(but called a “noon”) bird
began the same track about
1100 local time, showing the

change in cloud cover with the

mcrease  in atmospheric

Fig. 7. Night Launch of First Thor-Burner 1, 18 Jannary 1963

heating during the day.

Reflecting on the accomplishment many vears later, Haig counted four early DMSP
contributions to astronautics. First, the novel management scheme made possible a small program
office that exercised technical direction without the “assistance” of a systems engineering
contractor, and its members could get a decision at the NRO and act quickly. The office used fixed-
price, fixed delivery contracts, all blue-suit operations, and achieved an excellent success record at
an annual cost less than one half that of equivalent NASA weather satellite development programs.
Second, because the spin axis of the RCA wheel-mode satellite was maintained perpendicular to the
orbit plane by electrically torquing it against the Earth's magnetic field, Haig reasoned that one also

could control and maintain a constant spin rate electrically, driving it like the rotor of a direct

subseque}kmy presented to NRO director Brockway McMillan who, by all accounts, was most taken with it.
See Tables 1 through 8, DMSP Launch Record.
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current motor. That would eliminate the solid rockets that produced a spin rate that varied with time
and made 1t difficult to determine the location of the cloud pictures. Written into RCA's second-year
contract for an additional four Block 1 satellites, the concept worked in space. Third, when the
DMSP ground stations were assembled in 1963, the program office eliminated the costly “boresight
tower” used routinely to determine a tracking/readout antenna's pointing vector and a transmitter
used to check the receiving system sensitivity during operation. Program personnel substituted
instead a technique of scanning the sun to establish the pointing vector with a hermetically sealed
low-energy transmitter in the center of the antenna reflector used to check receiving sensitivity. The
DMSP station test procedures worked just as accurately and at far less cost; they became standard
practice for nearly all tracking/readout systems. Finally, DMSP altered established Air Force
techniques of satellite tracking. Captain Luin Ricks refused to believe that the tracking problem was
as arcane and costly as Lockheed personnel made it appear. Working with SAC personnel, Ricks
prepared a much simpler tracking program thereafter used with great success by the DMSP ground
stations and adopted by the ground stations of other satellite programs.'®

When in April 1965 Colonel
Thomas O. Haig stepped down as the
program director, DMSP had eclipsed
all other overhead meteorological
endeavors. Initial NASA skepticism
notwithstanding, DMSP had pioneered
the space technology so well, so
quickly, and so inexpensively that the
space agency, prodded firmly by the
Department of Commerce, at that time

embraced carbon copies of the DMSP

wheel-mode Block |1 satellite, called the

Fig. 8. TIROS Operational System (TOS),

. : . . Based on the DMSP Block 1 Satellite
TIROS Operational System (TOS), as (Note the vidicon pointing radially to take pictures on each
an interim polar-orbiting weather ‘ revolution of the vehicle.)

*
A single set of punched paper tapes at each ground tracking station eliminated the requirement to transmit an
antenna programuming tape before each pass. Every pass by a DMSP satellite in any orbit between 250 and 550 nautical
miles altitude could be supported by the tape set with a maximum antenna pointing error of 1.5 degrees.
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satellite.” And besides the strategic weather reconnaissance furnished to the NRP, the defense
meteorological satellites also had begun to provide tactical weather reconnaissance of pre-selected
regions to a transportable ground station overseas, with significant effects on military operations in

Southeast Asia.!”

Toward a Permanent Program:

From Strategic to Tactical Applications

Strategic weather reconnaissance recorded for the NRP might command the primary
mission of the DMSP, but American military services wanted tactical weather data to meet a variety
of operational needs. By 1963 it was plain that NASA's sophisticated, three-axis stabilized, low
altitude Nimbus-NOMSS satellite would be extensively delayed and, when finished, likely too
complex and expensive to satisfy Defense Departiment and NRP meteorological requirements—
tactical or strategic.” On 23 January 1963 Harold Brown, Director of Defense Research and
Engineering, requested a reassessment of tactical requirements by the Joint Chiefs of Staff (JCS).
Would the National Meteorological Satellite Program and its planned NOMSS, Brown inquired,
meet them? The JCS replied in the negative; its leaders urged that the Defense Department build
and operate a commanded direct-readout weather satellite able to relay high-quality, day-and-night
tactical meteorological data to transportable ground and shipboard terminals “ASAP.”"®

But the political and bureaucratic climate in 1963 did not favor an all-military tactical
weather satellite system. All of the military meteorological satellite requirements would continue to
be fumished to NASA and the Department of Commerce for the NOMSS.* To assess and combine
those requirements, in early 1964 the Defense Department established in the Air Staff a Joint
Meteorological Satellite Program Office (JMSPO). After further agitation by the military services,

however, the Defense Department and the NRO approved a test of the defense meteorological

The Weather Bureau had launched and tested TIROS 9, the first wheel-mode copy of the DMSP, in January
1965. The first of the TOS built to this standard, called ESSA-1, was launched a year later, in February 1966. Nine of
these civil meteorological satellites were launched between 1966 and 1969 for the parent agency at that time, the
Environmental Science Services administration.

, ' A Nimbus first launch scheduled in June 1962 had slipped to 1964; in fact, these vehicles would eventually be
directed to research purposes. never to become the NOMSS.

_ zﬂlev Bureau of the Budget issued BOB circular A-62 on 13 November 1963 that reaffirmed and established
policy for Defense Department participation in the National Meteorological Satellite Program.
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satellite applied to tactical operations in the 1964 Swrike Command Goldfire exercise at Fort
Leonard Wood in southwest Missouri. Air Force Global Weaﬂler‘Central at Offutt AFB relayed
weather reconnaissance pictures directly to the Army and Air Force users supporting ground and
paratroop exercises at the fort, and for the deployment of fighter aircraft on a transatlantic flight.
Later in the year, between 24 and 26 November, Global Weather Central furnished tactical weather
data over Central Africa to the Military Airlift Command, which proved crucial in the successful
airlift of Belgian paratroopers from Europe to Stanleyville in the Congo, where hostages seized in
an uprising were freed. The weather data proved to be of considerable value in these tactical
operations, analysis revealed, but improvements were needed. Coverage had to be received daily at
local ground stations before meteorologists could depend on a satellite as a primary source of data,
and a resolution at the surface better than the three nautical miles provided by the DMSP Block-1

satellites was judged “extremely desirable.”"”

Fig. 9. Program 417 (DMSP) Military Members at Dining-In, Late 1964
Back Row, Left to Right: Lt. Clifford B. Stearns, Capt. Luin B. Ricks, Lt. Col. Thomas Haig, Lt. Col.
Melvin Weinstein, Capt. Richard L. Geer, Lt. Edward R. Foechterle, Lt. Ralph Hoffman, Capt. James F.
Roberts, Capt, Calvin H. Markwood.
Front Row, Left to Right: Capt. Melvin F. Chubb, Jr., Capt. C. Neale Elsby, Capt. Harold E. Wakitsch,
Robert Anderson (guest speaker), Maj. Richard Turner, Lt. Col. Jim Wayne, Maj. Tom Jones
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In Southeast Asia, meanwhile, Radio Hanoi ceased broadcasting local weather
.observations in September 1964, and Air Weather Service Detachment 14 in Saigon faced

forecasting with limited and unreliable data. When U.S. air strikes against North Vietnam
commenced in February 1965, Det-14 personnel found themselves unable to meet the demand for
weather information from the 2d Air Division and the Studies and Observation Group of the
Military Assistance Command Viemam (MACYV), which conducted clandestine operations against
North Vietnam. In response, the Air Force, with Defense Department and NRO approval, on 18
March 1965 launched a noontime military meteorological satellite that could be programmed fto
record and readout specific weather data in Southeast Asia to support tactical operations in the
theater. In one of his last official acts in support of that effort, in January Haig planned and laid out
the DMSP ground station at Tan Son Nhut Air Base, Saigon, in South Vietnam. The new station
was erected and began operating in time to support the satellite launched in March. It furnished to
military users, within 30 minutes of receipt, complete cloud-cover data for North Vietnam, South
Vietnam, and parts of Laos, China, and the Gulf of Tonkin.”

All three military services and MACV put to immediate use the DMSP tactical
meteorological data retrieved by Det-14." In the spring of 1965 commanders could scrub, delay, or
recall aerial sorties, or divert them to secondary targets based on hard weather information. The
Naval Advisory Group and the MACV Studies and Observation Group used DMSP-generated
forecasts to schedule the operation of their fleets of small boats that operated along the coast of the
Indo-China Sea and the Gulf of Tonkin. Before long, mobile, air-transportable DMSP ground
terminals were installed at Udorn AB, Thailand, and Osan AB, South Korea. Another fixed site,
like the original one at Tan Son Nhut, appeared at Hickam AFB, Hawaii. Finally, on 20 May 1965
at Vandenberg AFB, SAC personnel launched a special defense meteorological satellite reserved
exclusively for tactical meteorological applications. Weather data from this satellite so improved the

timeliness and accuracy of forecasts in Southeast Asia that the military services, in October 1965,

*

The TOS civil meteorological satellites could not be programmed to observe and record specific areas in
Southeast.Asia for later readout. They did carry Automatic Picture Transmission (APT) equipment that allowed
anyone with receiving equipment to acquire television and infrared images of the Earth as they were being taken.
But APT did not provide pictures farther north than its line of sight. DMSP satellites, however, operated in three
modes: direct readout, like APT; programmed picture taking of selected regions, with the sequence stored in a tape

recorder for readout by a local ground station; and preprogrammed picture taking over the Eurasian land mass. Thus,
Det-14 personnel did not use TOS.
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cancelled all daily, routine aerial weather-reconnaissance sorties.”!

These impressive results were enough to prompt action from Defense Department
officials who now sought to break the NASA/Department of Commerce franchise on a NOMSS and
putsue openly a separate military weather satellite program for strategic and tactical applications.
On 22 June 1963, Under Secretary of the Air Foree and NRO director Brockway McMillan advised
General John P. McConnell, incoming Chief of Staff, USAF, that the DMSP would transfer from
the NRP to USAF funding and direction, effective 1 July 1965 (the beginning of FY 1966). The
DMSP program office in El Segundo would move from NRO Program A, the Air Force Special
Projects Office, to the Spaéc Systems Division next door, in Air Force Systems Command, with
Headquarters USAF and Systems Command assuming overall management responsibility for what
McMillan termed an “ongoing development/operational program.” The Strategic Air Command
would continue to launch the satellites and operate the DMSP control center and ground terminals
in the continental United States; Air Weather Service would man the direct readout terminals
overseas, while continuing to operate Air Force Global Weather Central and process DMSP
strategic weather data at Offutt AFB. This program, McMillan observed in closing, “has been
entirely a ‘blue suit’ effort. The cost has been remarkably low; the results have consistently
exceeded expectations.” Perhaps anticipating an excess of public affairs enthusiasm on the Air Staff,
he regretted to say that security restrictions precluded any public recognition of DMSP
accomplishments.”

This change introduced a more complex dual-management chain. On the Air Staff,
overall management responsibility devolved to the Deputy Chief of Staff for Research and
Development because the DMSP was programumed and budgeted as an advanced development line
item. The director of the NRO retained a strong interest, monitoring DMSP through Air Weather
Service personnel assigned to his staff. Operational requirements flowed from the NRO through the
Air Weather Service to the West Coast program office. Technical guidance now came from the
Deputy Chief of Staff for Research and Development through Air Force Systems Command to the
program office. The program office, the focal point at Space Systems Division, exercised authority
for planning, directing, contracting, and system engineering.

Making the change to a permanent program complete, a few months later, on 28
September 1965, officials of the Defense Department and the Department of Commerce signed an

agreement that ecliminated the requirement for prior coordination of “aeronomy” and
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“meteorological reconnaissance programs.” Thereafter, except for periodic reassessments demanded
by the Bureau of the Budget (later the Office of Management and Budget) and Congress, the
Defense Department all but withdrew from the NOMSS concept, and NASA leaders converted
Nimbus into a research and development test bed.”® A few years later, in December 1972, DMSP
meteorological data also began to be fumished routinely to the Department of Commerce/National
Oceanic and Atmospheric Administration and its National Weather Service at Suitland, Maryland.
At that time, security restrictions on DMSP tactical applications were removed.” A few months later
in March 1973, Under Secretary of the Air Force and NRO director John L. McLucas publicly
announced the existence of DMSP in a Pentagon press conference.”*

Back in 1964, when tests began of the meteorological satellite applied to tactical military
operations at home and abroad, the NRO approved modification of three additional satellites for
direct readout. These 160-pound vehicles, identical in size and shape to their 100-to-120 pound
Block 1 predecessors, also mounted improved infrared radiometers and were known collectively as
Block 2. Launched during 1965 and 1966, two of them attained Earth orbit and provided tactical
meteorological data for operations in Southeast Asia. A fourth satellite, the one equipped and
launched expressly for tactical uses on 20 May 1965, came to be called Block 3. The reason for this
curiosity, a “one-vehicle block,” involved efforts to distinguish it from its Block 2 cousins that also
supported the primary strategic cloud cover mission for the NRP. Shortly before he stepped down as
DMSP director and control of the DMSP passed to the Air Force Systems Command, in early 1965
Colonel Haig secured permission to begin the design of a more powerful military meteorological
satellite that met more completely the demands of its customers.”

The Block 4 satellite, slightly larger than those in Blocks 1 and 2, was 30 inches in
diameter, 29 inches high, and weighed 175 pounds. Still spin-stabilized, the satellite nonetheless
provided improved weather coverage. Previously, the single 1/2-inch focal length RCA vidicon
television camera in Block 1 and 2 satellites furnished a nadir resolution of 3-to-4 nautical miles

(nm) over an 800-nm swath, with significant gaps in coverage of the Earth at the equator. Block 4

For example, in November 1979 President Jimmy Carter, overriding OMB protests, reaffirmed the
pos?tjons of the departments of commerce and defense that favored maintaining separate civil and military polar
orbiting weather satellite programs until future block changes were adopted. Even that restriction was removed by
PresidentfReagan in his 4 July 1982 National Space Policy.

“With the use of DMSP tactical weather data in Southeast Asia, knowledge of the program became widespread.
In’early 1969 word of this program linked to its tactical applications appeared in the open literature. Practical
adjustments that acknowledged at least that part of the enterprise could no longer be avoided. (See "Industry Observer,"

16
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vehicles carried two one-inch focal length vidicons
canted at 26 degrees from the vertical that provided
global coverage of the Earth (contiguous coverage at
the equator), along a 1,.500-nm swath. The resolution
varied from 0.8 nm at the nadir to 3 nm at the
picture's edge. Besides a multi-sensor infrared
subsystem, Block 4 also incorporated a high-
resolution radiometer that fumished cloud-height
profiles. A tape recorder of increased capacity stored
pictures of the entire northem hemisphere each day,

while the satellite fumished real-time, direct local

tactical weather coverage to small mobile ground or

Fig. 16. DMSP Block 4 Satellite

shipboard terminals.”

Under the guidance of a new program director and graduate of the U.S. Military
Academy, Major John E. “Jack” Kulpa, Jr., eight Block 4 defense meteorological satellites were
delivered and seven successfully launched between 1966 and 1969." Because of the 1965 change in
command relationships, however, Kulpa found himself reporting to four bosses instead of two. Not
only did the new NRO director Alexander Flax want to be kept advised, his subordinate, the director
of the NRO’s Air Force Special Projects Office also expected that courtesy, especially since Kulpa
had just completed an assignment there directing a research subsatellite program. At Headquarters
Air Force Systerns Command, General Bemard Schriever took a personal interest in DMSP, while
his subordinate, the commander of the Space Systems Division, became the general officer
presumably responsible for DMSP. In the event, Kulpa later recalled, “each of them thought that
one of the others was my real reporting official, and 1 was left pretty much alone to prosecute the
effort.”’ But the program director could no longer claim the same NRO exemptions from the Air
Force -375 series of procurement regulations, and his office staff found itself encumbered
increasingly with “operational requirements,” “development plans,” and other accoutrements of the
formal Air Force acquisition process.

Shortly after assuming command, Kulpa began work on the next series of weather

Aviation Week and Space Technology, 27 January 1969, p. 13.)
- All seven successfully achieved orbit. The eighth vehicle, not needed for operational requirements, was

17
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satellites, DMSP Block 5. He delegated instrument requiremnents and design of the spacecraft to two
able subordinates, Captain Richard Geer who had previously shepherded launch vehicles, and
Major James Blankenship, who had previously supported Haig while acting chief of the Technical
Services Branch, Headquarters Air Weather Service (AWS). Blankenship had just returned from the
Royal University in Stockholm where he had
completed a Ph.D. thesis on Atmospheric Photo
Chemistry. Brilliant with an eminently practical
turn of mind, he played a predominant role in the
payload design that made Block 5 especially user-
friendly, such as formatting of the imagery to
standard AWS weather chart scales. Moreover,
Geer recalled, he possessed “excellent long-range
vision, seeing data applications, technology
solutions, and political ways and means far into
the future. His expertise in  weather
phenomenology, his aggressive attitude, his

persuasiveness, and a unique [NRO access via the

AWS] . . . combined to make him arguably the

most powerful person in the SPO [system Fig. 11. Cal. John E. “Jack” Kulpa,
program ofﬁce}.”gs DMSP Program Director 1965-1968
Indeed, the revolutionary Block 5 spacecraft that resulted from the efforts of Geer and
Blankenship took the form of an integrated system; it departed entirely from the TIROS-derived
technology of its predecessors. The two men visited meteorologists at work, and then examined
what the industry could produce. Instead of starting with a sensor in space and determining what it
might tell the user about the weather, these two based the Block 5 design on the users’ wish to
receive a product in a form that approached as closely as possible the weather charts and maps that
they, the meteorologists, employed. Moreover, the product furnished the albedo of each scene, not
its brightness, which varied enormously from full sunlight to partial moonlight.”” A survey of the
industry and new technologies revealed line scanning sensors and advances in highly sensitive

visible light and infrared point (as opposed to array) detectors. Instead of using complicated

donated to the Chicago Museum of Science and Industry.
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electronics to scan the raster of a TV camera, they reasoned, one now could let the motion of the
satellite provide the scanning along the linc-of flight. That would require a spacecraft that always
“looked down,” rather than one that wheeled along its orbit. But a satellite stabilized on three axes
would make possible acquiring a strip of imagery of indefinite length, imagery that could be
rectified at will,”®

Some 200 hours of flight tests of experimental sensors, conducted by Captain Melvin F.
(“Nick™) Chubb in a T-39 aircraft, produced line scan images that a newly promoted Lt Colonel
Kulpa used to secure the approval of the Block 5 design from his superiors in Systems Command.
After a source selection competition in May 1966, Westinghouse won the contract to furnish the
constant resolutiorl oscillating telescope sensor and ground display equipment, and RCA won the
contract to provide the spacecraft
bus. The Westinghouse
“Operational  Line  Scanner”
(OLS), as it came to be called,”
provided images of the Earth and
its cloud cover in both the visual
and infrared (IR) spectral regions.
With this system, nadir visual-
imaging resolution at the Earth's
surface improved to 0.3 nm
during daytime and 2 nm at night

through quarter-moonlight

illumination levels. The higher
Fig. 12. Left to Right: Maj. James R. Blankenship and resolution (less than 0.5 nm) now
Captain Melvin F. “Nick” Chubb, Jr. at Block 5 Design Review - .
satisfied the requirements of

tactical users. The infrared subsystem furnished 2-nm resolution at the surface day and night, as
well as cloud-height profile and identification of all clouds above or below a selected altitude, and

heat-balance data. Complete global coverage was transmitted over encrypted S-Band digital data

Originally called the “Oscillating Line Scanner,” the name was changed by NRO-DMSP personnel who,
about to present the case for it al the Pentagon, were advised that the military “good word of the day” was

“operational.” The OSL thus was sold for development with the new, “operational” name. (James R. Blankenship,
letter to the author, 23 September 2000.
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