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Figure 1., ATS-III(IDCS) Photograph Taken on March 11, 1968, 1622
GMT, Showing Cloud-Free Area Over Humboldt Current
[From Warnecke, et al, 1969)].
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Figure 7. Example of an Inversion Breakthrough During a Slow
Surge of the Northeast Monsoon Producing a Decrease
in Low-Level Winds.

a)
TEMPERATURE
yo@
U]
A
SURFACE & UPPER
GEOSTROPHIC WINDS
®)  (¢m), ) (FF,
(PGF) (PGF)
(CF)
(CF)
v v
Yg Vg

Schematic Example of a Situation Which Could Cause a

Low-Level Wind Speed Maximum (See text for explanation
of vectors).
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METEOROLOGICAL SUPPORT TO WHITE SANDS MISSILE RANGE

Harold M. Richart

Atmospheric Sciences Laboratory
US Army Electronics Command
White Sands Missile Range, New Mexico

Abstract

White Sands Missile Range, New Mexico, a national missile range, is engaged in research,
development, test, and evaluation activities involving a wide variety of ballistic and
guided missiles, related systems, and other research efforts. Requirements for meteoro-
logical data, from the surface to the outer limits of the atmosphere, are discussed. Tech-
niques and instrumentation for provision of these data include the conventional, the non-
conventional, and the unique. The role of the Atmospheric Sciences Laboratory in providing
meteorological support is described.

INTRODUCTION
The highly instrumented White Sands Missile Range (WSMR), the only national land range,

is operated by the US Army in the support of research, development, test, and evaluation
of a variety of systems and projects, including atmospheric research.
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Blanding and Gilson Butte, Utah, have been the sites of 94 launches of the Army Pershing
missile; Green River, Utah, is the launch location for the Air Force Athena, the Advanced

Ballistic Reentry System (ABRES).

BSTS

SHERIC SCIENCE LABORATORY nE

IE SANDS MISSILE RANGE .
TNEW MEXICO ME e
= o
L PHOTO 4 - ATHENA TRAJECTORY :\..;:

?
b
3"

L

i,

0 e o ® & ® ® & & ® ® & ] e o ® e .

T ey IS, T T T R A T O

e O A RO P

TG B e A A A Y T S O o by LR [0 S
C e o et S O %S

o R D R A N e T o o A A A o N s Y A 1 {



>
Pl
rod

|
|
|
|
1
1
]
i
|
|
i
{
a
i
{
|
|
|
|
!
{
|
|
1
]
':
!
'
{
{
!
!
!
1
!
{
{
1
]
!
|
{
{
i
5

b
’,. One hundred twenty-three Athenas have been launched from the Utah Launch Complex to impact
ﬂ?ﬂ on WSMR for the free world's longest overland flight, 400 nautical miles, of an unguided 0, w
. missile. oy
ho% < B
,\:_: Programs using WSMR facilities and the Atmospheric Sciences Laboratory's (ASL) meteoro- q$'\
“# logical support services include ground and air weapons systems, defense systems, descent -
systems (both drag and thrust retardation), ballistic reentry systems, guidance systems of
all types, missile-borne research projects in astronomy, laser research, and others.
\J Because of the mild, semi-arid climate of WSMR, optical tracking is seldom difficult; d}g
o mission cancellation because of weather is an infrequent occurrence. Since WSMR is & land ¥y
P\‘ range, recovery of payloads or missile parts is easily and quickly accomplished, prcviding ¢?
f\; a tremendous bonus for the experimenter. There are more than 1000 active instrumentation {r:
:4 sites, connected by 1200 miles of roads, 60,000 miles of wire and cable, and 340 microwave ,:-:
and radio channels.
44 The ASL complex at WSMR is ideally located for the conduct of atmospheric research.
‘: Unrestricted air space, LOOO square miles, permits the accomplishment of a wide variety of .
" atmospheric measurements and experiments between the earth's surface and the outer limits
txi of the atmosphere. ASL conducts investigations in ballistics applications, atmospheric
\4 variabilities in time and space, and sensing techniques from the surface to 110 km, all as

applied to support of WSMR and the Army.

WSMR is more highly instrumented for the study of atmospheric conditions than any other
comparable area in the United States. Several well-instrumented meteorological towers and a
micrometeorology instrumentation array (T Array) provide means for conducting research on
atmospheric motions and stability over several types of terrain. Wind and temperature data
are routinely collected to 60 km by six rawinsonde stations and one meteorological rocket
site. Wind data to 80 km are collected with a slightly different meteorological rocket.
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PHOTO 5 - METEOROLOGICAL ROCKET LAUNCHERS
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launching as Athena and Aerobee-350. Weather warnings
)y atmos i ht endanger life or property or which
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1 1in)
»al-time impact predictions'” V) developed and applied by ASL personnel are performed
if vehicle wind response requires simulation of trajectories through measured wind

at
) »1ds to obtain launcher settings more rapidly than provided by manual impact prediction
;'-: hniques. Examples of missions requiring real-time support are Athena flights from Green
,-:', River and hi-altitude research vehicles such as the Aerobee-350 with an apogee near 300
o miles. Real-time procedures require ballis csemeteorologist services at the launch point
"-:' for verificat of wind-data inputs to the computer and at the computer center for valida-
il tior m} layer-winds and derived launcher-settings.
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INSTRUMENTATION AND TECHNIQUES

Many of the meteorological systems employed at WS R are age-proven, such as the GMD ;f:.
ravinsonde set, the wiresondes, the 500-foot tower with multilevel sensing, the meteoro- .nig"
logical rocketsonde, and the surface observing equipment. Much prod effort has been )
made by ASL elements in the development and improvement of meteor rocket hard-
ware[17,18], data knowledge and techniques[19 21]. Equally as i is the investi-
gative effort in the area of low-level wind-field characterist / as this has in-

nced the processing techniques and produced improved meteorological support to projects.
Jne system developed by ASL is the T-9 Automatic Pibal Tracking System, which uses the
radar (T-9) from the T-38 Fire-Control System (Anti-aircraft).
g’:f.
Sy
PHOTO 9 - MOBILE & FIXED T-9 RADAR SYSTEM

The T-9 radar, operating at 3-cm wavelength and LO kilowatts peak power, has a maximum

tracking range of 26,000 yards. In application, the radar tracks a balloon-borne shaped-

aluminum-foil target and will consistently obtain wind data to more than 10,000 feet above

ground when average wind speeds are 30 to 40 miles per hour. The T-9 system use. two-speed

servo-systems to position digital encoders and potentiometers for range, azimuth, and

elevation data. The encoders are the source of position data for real-time support. The

standard radar analog plotting procedures are slightly modified to produce continuous

traces of component wind velocity versus altitude. )
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zenerated by an obje« moving through th mnc here ¢ [ eater than the

sites provide complete coverage of WSMR and
an array of four microphones installed at the
and oriented on true north. As a shock wvave
rophone and the impulse so generated is
From the difference in time of arrival at each
origin may be calculated. Combined with similar
information such as points of origin and impact may
or other object which generated the shock wave. The
and has been instrumental in the recovery of

ievelopment efforts need ever-increasing detail in meteorological data

roviding this meteorological support becomes more difficult because
detailed meteorological data acquisition systems is lagging,

and data processing have been racing ahead in other fields. There
sample rates, better accuracies in sampling, higher relia-
laboratory instruments. In a very few years, there will be

requirement fo om i all, of the following detailed i antaneous vertical and

temperature, wvater vapor, index of refracti (optical and electro-
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Once the scanner data are acquired on the ground, they are relayed by broadband microwave trans-

mission link to the data processing facility at Suitland, Marvland.

IT' "

- =

B p RAW=DATA INGESTION

A new Digital Data-Handling System (DDHS) has been installed at Suitland for the receipt and

. preprocessing of much of the raw data arriving irom the ITOS spacecraft., This is a dual facil-
ity, largely computer controlled, in order to minimize the effects of temporary hardware failure
and human errer. Incoming data can be held on analog tape recorders or accepted directly into
the digitizer/computer processing facility. A portion of the equipment is shown in Figure 1.

Figure 1. A portion of the ITOS Digital Data- Figure 2., A view of the DDHS mode selection -3

Handling System (DDHS). Ingest and prepro- and signal-monitoring console. |
' essing computer consoles and specialized .
i digitizing equipment are shown.

A Aty

¢ Linkage to the microwave terminal and an analog tape recorder are shown (far left) along with
. the data ingestor computer comsole (with operator) and the adjacent console of the preprocessor

'-. i e A o S
o Py e -
v . .

computer. Two central equipment racks beyond the consoles contain signal detectors (discrimi-

nators, demodulators), analog-to-digital converters, synchronizing detectors, formatting regis- :
ters and related electronic hardware. Most of the primary components shown are duplicated in
order to reinforce operational dependability. The overall mission load is shared between com- |
ponents, but on-line tasks receive priority when partial outage forces a limited performance P AP
posture. ' T
| ¥y —
s Operating mode selection and the assignment of certain component combinations is accomplished by S
r push button selection on a console shown in Figure 2, This unique component provides a focal o
S point for the operation. It includes facility for communication with the data acquisition sta- _f-':
' tions and with those involved in spacecraft operation and control. Oscilloscope signal monitor- (4
oy ing and indicator lights assist the operator in assessing the status of the processing activity. N
i.r? Apart from six digital tape units, the system presently contains five random access disk storage :'.:
6 units. A novel feature of the system is the exchange controller which permits communication =

™ between any disk unit and any of the four computers (3). This permits one off-line preprocessor ".;1
to work on a newly ingested raw data base while the on-line ingestor/preprocessor dual facility '
oy quickly shifts to a new data-acquisition mission. :.-:
¢ A
Only two operating modes are of interest in connection with the arrival of raw scanner data. -.::1
w These are indicated in Figure 3. In the upper portion, SR informatiom, obtained from the space- %'
wr craft tape recorder, arrives at Suitland as a frequency modulated signal stream., It is convert- >2E
® ed by the FPM discriminator into an analog voltage which varies as a function of the energy im- o
}:_-. pinging upon the sensor via the scanning mirror. Fixed reference signals - so called "porch" "
h and "step wedge" patterns — are also injected into the signal stream within the spacecraft in ‘ i
:.r, order to mark specific positions of the scan mirror with respect to the spacecraft mounting o]
s platform. Synchronizing circuitry detects these unique signal features and provides an inter- 1Y
J:- rupt pulse to the ingest computer. By this means, earth scanning response is sampled at a high e
o' o rate, and certain housekeeping signals (spacecraft temperature, time, spacecraft performance b,
"N o
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Figure 4. Cyclonic situation over northeast United States at 1925 GMT on August 20, 1970, as
viewed by the ITOS-1 APT camera (lower) and in the infrared by the SR (upper) in direct record-
ing mode.

i

'

Figure 5. Cloud features over the western North Atlantic at 1800
GMT on September 10, 1970, again obtained from APT and SR as in
Figure 4,
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Figure 8, Nighttime SR data for July 22, 1970 in polar-stereographic
mapped form for the Southern Hemisphere. Coherent noise in the raw
data appears as streaks which tend to parallel the orbital track.

Another visual product combines infrared temperature data and 3-dimensional temperature/height

profiles available from NWP grid-point analyses. The result is a "clear-low-middle~high" cloud
analysis chart. Such a four shade chart is displayed in Figure 11. Again, the effect of noise
is evident — particularly in the clear/low-cloud realm. With limited gray-shade capability on

facsimile receivers, charts of this sort may be more usable than full gray-shade images.

Apart from visual products, the extraction of sea-surface temperatures from mapped IR data pro-
vides one of the more challenging quantitative applications (7). Operational software for such
production is now available, and tests are underway using noisy and experimentally filtered data
in order to assess the influence of noise on the final product. A sample product is shown in
Figures 12 and 13, Here, temperatures have been extracted from data recorded on the less noisy
ITOS-1 tape recorder. Apart from the potential for direct input to NWP analyses, this sample
suggests the utility of such a visual analysis as an aid in hurricane trajectory determination.
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€ pass mapped IR image
e copy. The format of

btained on Sept. 12,
f pass-by-pass produc=-
in during October 1970.

Figure 11, Three-dimensional mapped cloud
field obtained by combining IR temperature
response and temperature profiles obtained

at NWP grid points. Only four gray shades
are employed to indicate clear, low, middle
and high clouds in order of ascending bright-
ness,

Figure 12, Tropical storm Dorothy as viewed
by the ITOS-1 IR scanner on August 19, 1970,
The nighttime data near and to the west of
the storm was stored on the less noisy tape
recorder.
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Flood-=tage, Nimbus 3 HRIR (day) 11 Sept.

(Allied Research Associates)

AT THE ASWAN HIGH DAM, UAR

a) Pre-flood stage, Nimbus 3, IDCS, 26 May 1969

Aswan High Dam - Lake Nasser Reservoir, UAR

(v)
FLOODING OF THE LAKE NASSER RESERVOIR
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10 - A simultaneous daytime view of India, Pakistan and the Arabian Sea by two
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Figure 13 - The eruption of the Beerenberg volcano on Jan Mayen Island at noon 21 September 1970
as recorded by Nimbus-4 IDCS.
(Allied Research Associates)
ASH PLUME FROM BEERENBEERG VOLCANO
This new eruption of the Beerenberg Volcano on Jan Mayen Island was first observed on the
night of 20 September 1970. By noon oa 21 September, when this Nimbus 4 IDCS picture was
taken, the ash plume (within the rectangular area) extended more than 200 miles to the
southeast.
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HAND ANALYSIS
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HURRICANE CAMILLE

NIMBUS II HRIR

AUGUST 18, 1969

Figure 15 - a) Nimbus-3 HRIR, orbit 1695, hand analysis of grid-print map, August 18, 1969

%) .
b) M'Ju-l HRIR, orbit 1695, color analysis by the ATS ground station process.
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13‘ 300 mb CHART (}) TOTAL OZONE CONTENT (10 CM™m STP
Figure 22 - a) 300-mb chart, 0000 GMT, 27 April 1969 (dashed lines indicate trough
positions).
b) Nimbus~3, IRIS total ozone content (10~ 3 em STP), 27 April 1969
(dotted lines indicate areas of increased ozone content).
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Figure 23 - Nimbus-3, HRIR (day) orbits 202, 203, 204, 29 April 1969 showing the L3y,
cloudiness related to a "full latitude wave" extending from central b
Africa, northward to Saudi Arabia and Turkey. hy
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FIGURE 4. MEAN TOTAL-CLOUD AMOUNT FOR JANUARY 1969. EACH GREY

SHADE REPRESENTS INCREASING CLOUD AMOUNT FROM BLACK (CLEAR) TO
WHITE (OVERCAST OR 8 OCTAS). THE BLACK AREAS OVER THE NORTHERN NI
PARTS ON THE CONTINENTS AND OVER THE DESERT REGIONS OF ARABIA ]

AND AFRICA ARE DERIVED FROM THE 30-DAY C, VALUES FOR JANUARY. Pt
AITHIN THESE BLACK AREAS THE CLOUD AMOUNTS COULD NOT BE ESTIMATED SN
BECAUSE THE BACKGROUND WAS BRIGHT ENOUGH TO BE CONFUSED AS CLOUDS. T lny
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