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Preface 

AFCRL participation in the Minuteman Natural Hazards Program, which be- 

gan with the planning and field support of the PVM-3 test.1  continued with the 

STM-8W test in December 1973.    Improvements in the data acquisition plan based 

on the earlier experience in the field were incorporated into this mission support. 

The field support included representatives of SAMSO/MN;  SAMTEC/WE;  9th 

Weather Reconnaissance Wing (58th Weather Reconnaissance Squadron);  6th 

Weather Wing; AFCRL Meteorology Laboratory;  TRW Systems Group;  Meteor- 

ology Research. Inc.; Edgerton, Germeshausen. and Grier. Inc.; Particle Mea- 

suring Systems, Inc. ;  and Stanford Research Institute.    TRW was responsible 

for the overall planning and operation of the test.2   The roles of the other organi- 

zations are described in this report.    MRI  and SRI in particular were respon- 

sible for the operation of the aircraft instrumentation and the lidar.  respectively. 

and readers interested in more details of their equipment or data than are pre- 
3 4 

sented below are referred to their final reports. 

1,    Metcalf. J. I..   Barnes, A. A., Jr..  and Kraus, M. J.  (1975b)   Final Report of 
PVM-4 and PVM-3 Weather Documentation. AFCRL-TR-75-0097, 
Air Force Cambridge Research Laboratories, Hanscom AFB, MA. 

2     Wilmot. R.A..   Cisneros, C.E., and Guiberson, F. L.  (1974)   High cloud mea- 
surements applicable to ballistic missile systems testing.  6th Conf.Aerosp. 
and Aeronaut. Meteor.. Am. Meteor. Soc..   194-199. 

3.    Jahnsen. L.J.,  and Heymsfield, A. J.   (1974)   STM-8W Mission WB-57F Instru- 
mentation and Cloud Particle Measurements, MRI 74 FR-1189.  Meteorology 
Research, Inc., Altadena, (JA. 

4 Uthe. E.E.. Allen, R. J., and Russell, P. B. (1974) Light Detection and Rang- 
ing (LIDAR) Support for STM-8W and PVM-S Reentry Operations. SRI Proj- 
ect 2859, Stanford Research Institute. Menlc Park, CA. 
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Preface 

Reports in the AFCRL/Minuteman Series are as follows: 

No. 1 (23 Dec 1974)   Aircraft and Radar Weather Data Analysis for PVM-5 
(AFCRL-TR-74-0627); 

No. 2 (19 Feb 1975)   Final Report of PVM-4 and  PVM-3 Weather Documentation 
(AFCRL-TR-75-0097). 
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Final Report of STM-8W Weather Documentation 

AFCRL /Minuteman Report No. 3 

1.   INTRODUCTION 

The Minuteman STM-8W test was launched on 22 December 1973. with re- 

entry near Kwajalein Atoll at Ccj34Z.    This report describes the weather data 

acquisition plan and presents our best determination of the water content profile 

encountered by the reentry vehicles.    Data from various meteorological sensors 

are presented to provide further details on the local weather,  both on the macro- 

scale of clouds and weather systems and on the microscale of particle shapes and 
sizes. 

Descriptions of each of the sensors are included with the presentations of 

data in the following sections.   The locations of the various supporting facilities 

are shown in Figure 1,    The NWS  rawinsonde and weather radar facilities and 

the DMSP (formerly DAPP) satellite van operated by the 6th Weather Wing from 

McClellan AFB were located on Kwajalein Island,    The lidar operated by SRI 

was located on Gellinam Island,  close to the reentry corridor.    The Lincoln 

Laboratory radars, located at KREMS on Roi-Namur Island, were used to obtain 

weather data on the reentry trajectories,    NWS rawinsonde facilities at  Roi- 

Namur Island were used for soundings in conjunction with the mission,  in addition 

to the soundings from Kwajalein,    Two WB-57F aircraft operated by the 58th 

Weather Reconnaissance Squadron from Kirtland AFB were based at Kwajalein 
for the STM-8W test support. 

(Received for publication  10 April 1975) 
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Figure 1.   Kwajalein Atoll, Showing the Islands Occapied by 
the Facilities of Kwajalein Missile Range.    Range Operations 
Control Center,  aircraft support facilities, NWS radars,  and 
MPS-36 radars  are at Kwajalein Island.    Lincoln Laboratory 
radars and NWS rawinsonde site are at  Roi N imur Island 

Execution of the weather data acquisition plan and on-site evaluation of the 

data were the responsibilities of the Mission Weather Team, which was at 

Kwajalein during the period   12-22 December 197 3.    The Weather Team included 

representatives of AFCRL.t  SAMSO.  SAMTEC,  TRW.   and  MRI  at the  ROCC 
during operations,  and two AFCRL radar meteorologists*   at KREMS, 

t L, D. Nelson 
I A.A. Barnes, Jr.,  and  Capt J.I. Metcalf 
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reentry area and a few patches of stratocumulus clouds toward the horizons. The 

forward-looking camera revealed some high cirrus during the cloud sampling op- • 

erations, and persistent contrails. The thin, so-called "invisible", cirrus clouds 

near the tropopause are not uncommon in the tropics. Depending on the position of 

the sun and the angle of view, it may be observed from the ground or from an air- 

craft. In this and other cases the PMS data indicated ice water content less than 

0.001 gm m       in the vicinity of these layers. 

The SRI Mark IX lidar    was at KMR from   12 to   22 December 1973.    The 

Mark IX system uses a pulsed ruby laser at a wavelength of 6943 K  Backscattered 

signal intensity, which depends primarily on the integrated cross-sectional area of 

the cloud or aerosol particles,  was measured and provided a means of determining 

ice water content or density.  (Signal attenuation may limit the accuracy of the lidar 

measurements in thick clouds.) A summary of the lidar operations is presented in 

Table 1.   On STM-8W mission day. the lidar operated from 2238Z (21 Dec) to 

0922Z (22 Dec) with a maximum range of 20 km for vertical scans.   Elevation scans 

taken in the reentry corridor at  50° azimuth from Gellinam Island were made at 

0831 to 0841Z,   close to the time of reentry. A cloud layer about   19-km altitude per- 

sisted for over  2 hr during the late afternoon, but was not detected after 05502. 

The lidar detected no clouds during the reentry or for 45 min after impact. 

Table 1,    Lidar Data Summary,  December 197 3 

Date 
(1973) 

Time 
(GMT) 

Number 
of Shots 

Rate 
(pulses/ 
Minute) Remarks 

16 Dec 0041-0113 160 5 Lidar check-out 

17 Dec 2117-0355 (18 Dec) 1, 196 4 Digital data recorded, 
19 km cirrus 

20 Dec 0246-0318 160 5 Work on digital system, 
18 km cirrus 

20 Dec 2115-2155 160 4 Cloud layers to   15 km 

2308-2348 160 4 Dense low clouds 

21 Dec 0108-0342 420 4 

21 Dec 2238-0829 (22 Dec) 2,346 4 STM-8W mission day,   19 km 
cirrus from 0328 to 0550Z 

22 Dec 0831-0841 210 20 Angular scans in the 
reentry corridor 
Azimuth   = 50° 
Elevation = 35° to 70° 

0842-0922 160 4 No high clouds observed 
during reentry 

12 

--  -^  ■ ^ ^ ^***u. m^taa:kmi-jmiil**mdi<^afmn, ^M^iMiMiUa^mimSMM^mmkiii 







WHHUiUJITOHll.. u ■ 

MMM 

-  ,W»PPMK. ■•»■■wimmiiHiwimiinmiii .  "JUilPW iiiiJ wpniu IPBÜWWilillüiPPBWiWf1«^ 

■,:m^^-'::-*m**'-- ■■* 

-20 -10              c 10-80-70-60-50-40-30-20-10     0     10    20   30 

20 ~ / / y /                                                                             \ 
" rs 

(              KWAJALEIN  SOUNDIMG           i 

\                     22 DEC 1973 

U 

^v,^ \                       0830Z 

IS C ^"v >v                                         ; 
"    Ss .   (, Nt                                                     ; 
- X\       \                                             ' ^S \ \       >. 
- \      \ 

10 - \. \    V                        \ 
es Td\     \ 

- >; 
/ / - U /      ' 

9 - \ \ 

'    ( <-        \ 
-    \ \ v 

~x \ 

~   \ \ \\: 
I fr+M j 11 u(i i Hill i i   ,  i   j   i  .  i   i  l   .   [   i   l   i  [  i  l\k: 

o 
UJ 

30  i 

-20 -10 0 

WIND SPEED {m «c'' 

-90 -80 -TO -60 -50 -40-30 -20 -10     0      10    20    30 

TEMPERATURE (deg C ) 

Figure 7a,    Sounding from Kwajalein at 0830Z.   22 Dec 1973. 
Wind components are plotted toward the east (U) and toward the 
north (V).    Winds are from the northeast quadrant at all levels 
below the tropopause, which is about  18 km, with maximum 
speed  20 m sec"1 at  14 km.    Significant humidity (RH > 50%) 
occurs below  2.7 km,  although there are layers with RH near 
40% at 4.1 km and about 6.5 km 
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Figure 7b.   Sounding from Roi-Namur at  0840Z, 
22 Dec 1973.   See legend for Figure 7a 
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3.   WB-57F WEATHER OBSERVATIONS 

+«I ^ J g e are summarized in Tablp 9     PT V,A to launch day were perform^H P«« « Hights prior 

pro«.«. .„coU„.„ed durlne lhe PVM sT :v;:::: rs:iMt— 
tails of the obiectives anH a„ ,- u operations had been corrected.    De- 

were recorded in conjunction with  -U TOR ,.,    tu 

-a.her(iocUmeM:":;; :1
b;:;^7:mpl™en,ed', KREMS

 *'*• ™-' «prii ly^.    Participation of the  TTR  ^   ■    ^ 
was coordinated by AFCRL. TTR-4  m these tests 

Cloud physics instrumentation was housed -n two „ 
near the outer end of each win. u removable pods mounted 

ena oi each wing,  as shown in  Figures 8 and   9       TV, 

c-nbed in detail by jahnsen and Heymsfield 3    Th. ^ deS" 

the  PMS probes, which measured Zcl    sizes      t'hT^31 "^^ ^ 
scattering spectrometer).   28 to 310u (ooti   T rangeS ' ^ 31 ^ (aXially 

-d   164 to 2m, (optical Jlyll^Zl ^l T^ ^^^ 

replicator (MRI Model 1203B) provided a cZ"0"1 A FOrmVar PartiCle 

meteors  encountered by the Lc^    xL^0"^ " the ^ ^ ^^O" 

length were preserved in an adhesive raZ app^?"T       ^ ^ ^ 
These data are essential to the analysis of the  PM   La        T ^^ taPe- 
ice water content and reflectivitv fZ    L '  " the comPutation of 

an approximation of thely t       abi " T ^T^^1 ^ ^^ *****" 
Model 1220 foil impactor)Tec ' T ^drometeor sampler (MRI 

si- on a thin mZ c nl    ^ !   '"T ^ PartiCleS greater ^ 25^  "» 

Pressure altitude.  J ^^ ! ^r^r^" m~—. 
servations by the crew     MRj , ' reCOrded along with ^ 

y a calibration equation appropriate to the 
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Table 2.    WB-57F Operations at Kwajalein, December 197 3 

Date Time Pressure Altitude 
(1973) (GMT) (k ft) (km) Remarks 

13 Dec 60.0 18.3 Ascent and photo-mapping run 

49.0 14.9 I 
over corridor- 

42.0 12.8 ( Cloud sampling with  MPS-36 
26.5 
13.2 

8.1 
4.0 | 

and ALCOR 

15 Dec 38.4 11.7 | 
37.3 11.4 Cloud sampling in Kwajalein 
34.5 10.5 ) area 
45.0 13.7 Photo-mapping run over atoll 

18 Dec 0150-0152 55.0 16.8 \ 
0235-0237 38.8 11.8 ) 
0240-0',46 32.0 9.8 ( Cloud sampling 350 km SW 
0249-0253 38.5 11.7 ( of Kwajalein 
0257-0303 35.4 10.8 
0303-0308 39.3 12.0 ) 
0313-0320 36.3-39 11.1-11.9 

; 
0322-0329 39.3-42 12.0-12.8 Cloud sampling during ascent 
0331-0332 35.3-39.2 10.8-11.9 

54.0 16.5 
i Vectoring with MPS-36 and 

45.0 13.7 TTR-4  in link-offset mode 

19 Dec 0230-0235 45.0 13.7 i Vectoring with MPS-36 and 
35.0 10.7 TTR-4 in link-offset mode 

0230-0235 45.9 14.0 
0239-0245 43.9 13.4 
0247-0253 41.9 12.8 < Cloud sampling  350 km S of 
0257-0300 39.9 12.2 Kwajalein 
0302-0308 38.5 11.7 ) 
0310-0316 38,0-46.5 11.6-14.2 Cloud sampling during ascent 
0340-0344 44.2 13.5 

i 0353-0359 
0404-0407 

42.7 
43.2 

13.0 
13,2 

Cloud sampling 

21 Dec 60.0 18.3 Ascent and photo-mapping run 
over corridor 

0407-0410 38.6 11.8 \ 
0414-0417 36.5 11.1 
0418-1423 34.6 10.5 / 
0425-0429 32.7 10.0 
0430-0436 
0438-0442 

30.6 
28.7 

9.3 
8.7 

V Cloud sampling in Kwajalein 
area 

0444-0452 35.3 10.8 
0453-0503 34.5 10.5 
0503-0505 34.0 10.4 / 
0508-0511 29.1-32.4 8.9-   9.9 } 0513-0517 32.8-35.3 10.0-10.8 Cloud sampling during ascent 

22 Dec 0406-0413 50.0-55.0 15.2-16,8 Cloud sampling during initial 
climb 

0443-0445 60.0 18.3 Photo-mapping run over 
corridor 

0505-0510 56.0 17.1 ) 
0519-0524 
0533-0539 

53.0 
38.0 

16.2 
11,6 

I Cloud sampling with MPS-36, 
ALCOR,  and lidar 

0554-0601 24.0 7.3 I 
17 
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type of crystal,  as determined from the replicator tape.    The water content is 

proportional to the third moment of the particle size spectrum, or the volume. 

The radar reflectivity factor is equal to the sixth moment of the size spectrum. 

These values of Z may be compared with those measured by radar as a check on 

the validity of the aircraft data reduction.   They may also be used with the com- 

puted values of M to obtain estimates of Z-M correlations on days when radar 
data are .lot available (see Figure 121. 

The aircraft flight patterns on STM-8W mission day are shown in Figure 10. 

The entire operation was conducted prior to launch because of the requirement 

that the aircraft be on the ground before sunset.    An ascent was made in the re- 

entry corridor about  0350-0405Z to obtain a qualitative profile of the clouds. 

There was a very thin cirrus deck located about  35 to 40 km dut east of Kwaja- 

lein at about  8 km altitude.    Another patch was estimated to be at a height of 

3.5 km.    There were scattered thunderstorms in the area.    From about  0406-0413Z 

the aircraft  sampled during its initial climb.    Particle counts were recorded only 

on the smallest channels of the scattering probe and the cloud probe.    A malfunc- 

tion of the cloud probe makes its data questionable,  but the absence of counts on 

the precipitation probe and on the upper channels of the scattering probe indicates 
that the air was essentially clear, with M < 10'5 gm m"3. 

(RADARS 
ROI-NAMUR 

^=5?- 

(       WB57-F 
I^SAMPLING PATTERN 

KWAJALEIN 

Figure 10.    Flight Pattern for WB-57F Cloud 
Sampling.    Photo-mapping pass is along the re- 
entry trajectories.    Weather sampling in con- 
junction with ALCOR  is along a radial from 
Roi-Namur toward Gellinam 

Following the photo-mapping runs,  cloud sampling runs were made at four 

different altitudes.    Figure 11  shows the aircraft position measured by the 

19 
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3 STM-8W AIRCRAFT   TRACKING  DATA 

20 30 40 

RANGE (km) ON 140,9» AZIMUTH 
50 

F fgMPa ks     MPS  36 Ä W^17F Aircraft Fr^ Nominal 
uniformly lo; b^   100  200 m  "P1^      ^ - ^^ ^ airCraft iS 

Horizontal deviation is dis^avS^ t0!he n0minal ^titudes. 
nominal azimuth "Satafofpass 4 a^V .T t0 ^f eaSt of the 

Pass 3  are not available 4 at 7.3 km and part of 

Z^pln-? "'r ^^ the SamPling rUnS'   relatiVe t0 «« -minal flight ^^^^:::z:zzz::smaiiest si2e ch-is - " 
water content less than  10^ gI ^     OnZ       T' "^ ^^ ^ iCe 

corded on the precipitation JT  *     ' P*" ' ^ C0UntS Were re- 
gm m"3     Hi.h !     T g a   1'SeC interva1' with M - 2.2 X tO'4 

Tdith "tririr;;:::?6":0^36' —— WeSt 
nctheasterl. Winds. .JZ^^l l^T^C^Z" ^ 
by the lidar observations. y        ^  aS confirmed 

Correlations of M and Z  computed from the  PMS , .« 

posed pri^ipaUy of U™. ™«^ "    '   ^ 21 DeCe,"ber »• ""»"«^ "^ »— 
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+ 0r OBSERVED   H-M  RELATIONS AT KWAJALEIN ATOLL 

BULLET ROSETTES 

A/C LOG|0Z   (mm6/m3 ) 

Figure 12.    Correlations of Z and M Derived From WB-57F Data at Kwaja- 
lein.    These show the differences  resulting from variations in the crystal 
size spectrum.    Flights were at  13 km on  19 December and  11 km on 
21 December.    Z-M equation for continental U.S.  cirrus  is shown for 
comparison 

greater than on  19 December.    These large crystals were responsible for the 

solar halo and parhelia (sun dogs) observed from the surface.   A  Z-M equation 

derived by Heymsfield    from PMS data taken in high-altitude cirrus clouds  over 

Colorado is shown in Figure 12 for comparison.    We used this equation for de- 

riving preliminary estimates of water content from the radar weather data.    Fig- 

ure 12 implies that these estimates are accurate to somewhat better than an 

order of magnitude. 

4.   ALCOR WEATHER OBSERVATIONS 

Weather data were recorded by ALCOR  in conjunction with the WB-57F 

cloud sampling operations described in Section 3.   Weather scans were also 

made along the trajectories immediately before and after the reentry.    The com- 

plete ALCOR mission weather support is presented in Table 3. 

The reflectivity factor Z (mm   m'   ) was computed by the equation 

Heymsfield. A. J.  (1973)   The Cirrus Uncinus Generating Cell and the Evolu- 
tion of Cirriform Clouds.  PhD thesis.  The Univ. of Chicago. 

1 
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or 

Z        =   Ca/r 

dBZ  =    10 log C + 10 log a - 20 log r 

2, 

(1) 

(2) 

where  a  is the cross-section (m  ),   r is the range (km),  and 

8 In 2 X4 X 1010 

IT0 X    K  * TTÖ2 h X 106 
(3) 

where X is the wavelength (5.30 cm),  h is the pulse length (37.5 m),   6 the beam- 
-3 I    12 

width (5.24 X  10      rad),  and   lK|    =  0.197  for radar backscatter from ice crystals, 

and  0.93  for backscatter from rain.    Because ALCOR transmits a frequency- 

modulated "chirp" pulse, the pulse length used in the above computation is not a 

physical pulse length but rather a compressed pulse length corresponding to the 

output of a pulse compression network in the radar receiver.    Comparisons of 

chirp and constant-frequency radar weather data from the TTR-4 radar at 

Kwajalein     showed that the computational factor determined from Eq. (3) above 

had to be increased by 3 dB for the chirp data.    Thus  10 log C ■ 86.5 for the 

ALCOR observations  above the freezing level,  and 79.8 in rain. 

Table 3.   ALCOR Weather Support for STM-8W,   22 Dec 1973 

Aircraft Correlations Trajectory Scans 

Time Altitude Time 
(GMT) (km) (GMT) Trajectory 

0505:16 17.1 0828:05-0829:03 RVl (pre-impact) 
0507:16 17.1 

0834:39-0835:19 RVl 
0519:27 16.2 0835:36-0836:05 RV2 
0521:27 16.2 0836:19-0836:42 

0836:58-0837:30 
RV3 
Vertical 

0532:37 11.6 
0534:37 11.6 0838:15-0838:55 

0839:10-0839:39 
RVl 
RV2 

0553:03 7.3 0839:53-0840:16 RV3 
0557:35 7.3 0840:32-0841:04 

0841:51-0842:31 
0842:45-0843:14 
0843:29-0843:52 
0844:08-0844:39 

Vertical 

RVl 
RV2 
RV3 
Vertical 

6.    Me 'tcalf, J.I.,   Barnes, A.A. ..Jr.,  and Nelson, L.D.  (1975a)   Water content 
ind reflectivity measuremc snts by "chirp" radar,   Uth Radar Meteor. Conf. 

, ̂ m. Meteor, t Joe.. 492-495 • 
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filmJ^r"^^ Were handled aS ShOWn ^ FlgUre 13-    We fi-t surveyed the 

u;:::::;: 0
g
f

arwithin the 2-5-kra data—- - ^ J^rrr. 
of pulses.    None of the scans taken in conjunction with the WB-57F samplin. verP 

ri:z: z:: Tthe:echoes were observed at these —^ - thL: :g
es:

ere 
The data for the trajectory scans were averaged over  11 gates, giving  160-m 
bea e res lution.  ^  20 pulseS( ^  9o-m vertical .^^Jj^ 

analysis.    Only the S1gnal values from the left circular polarization (opposite to 

ZTZITTT^ Were USed ^ thiS -^^  aS — ---        dB greater than those rece.ved on right circular polarization for weather echoes. 

WEATHER RADAR DATA  FLOW 

KUR    / *1-C0R.ALTAIR.    I 
f*Jl   <    "«EX a KREMS 
CDPC   \   TEST DIRECTOR'S 

, CHOICE 

'»COMMUNICATIONS' 
KMR ROCC 
MOBILE SENSORS 

4LC0/1 5.29em 
TRADEX 

S-BAMD 10.2 em 
L-B4ND ZiJem 

ALT4IR Ciigj 

KREMS 

AFCRL 
ANALYSIS 

ERT 
PLOTTING 

dBZ 
LISTINGS 
a TAPES 

t LINCOLN LABS 
LEXINGTON. 

MASS. 

Figure 13.    Radar Weather Data Flow Diaeram      ATrnR-    .u 
weather sensor,  with TRADFX <=; K.L      I    ?*    ALCOR I« the principal 
ings  provided by  1   ^01^^^  i«"      '      ^  u

Hand P^ting of data list- 
search and  TecLolnrTiJab0^at°^_1Sa.CC0,?Phshedb.v Environmental Re- search and  T0„U„ZI T' 

iJ°"UIClLU''y is accomplished by' ^earcn and   Technology. Inc..  on contract by AFCRL nvironmental Re- 

The quantity Z  is the factor of the 

only on meteorological parameters.    It I,   ,,,.,( ,. „,.    .,1K(|| 

received signal power which is dependent 

moment of the particle 
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0828Ze l22af).cL7?0a^aB 0f S™-8W RV1 Trajectory at UÖ2ÖZ.  23 Dec 73.   Contours are of -10 log Z, with Z in 
mm6 m-3    Contours at 5.5 km  show maximum Z values 
of a layer just above the threshold of detectability    Water 
content of all the observed layers is less than Ssgm m-3 
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RVI scan 2 

contours of -db 2 
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08387e Sbn A^0^Scfn 0f S™-8W RVI Trajectory at 0838Z.  29 Dec 7 3.    Contours are of -10 log Z. with Z in 
W V",    '  ^r al  5-5 km Persists'  although struc- ture below 3.5 km has changed markedly 
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RV2  scan I 

contours of db 2 
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DISTANCE (Km ) 

Figure 16a.   ALCOR Scan of STM-8W RV2 Trajectory  at 
0836Z,  22 Dec 73.    Contours are of  10 log Z. with Z  in 
mm^m"^.    Echoes at  5.8km, 4,5km,  and  2,8km are 
thought to be due to debris,  as they have characteristics 
of solid targets.    The maximum water content at  2,0km 
is approximately 0.07 gm m"3 

— 4 
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-< 1 9 r —i r- / / 
/ 

' (9 
& 

, STM 8W 
/ RV2 scon 2 

(^24   ' contours of dbZ 

DISTANCE  (km) 

Figure 16b.   ALCOR Scan of STM-8W RV2 Trajectory at 
0839Z,  22 Dec 73,   Contours are of  10 log Z, with Z in 
mm6m"3.   Echoes at 5.1 km and 4.5 km are due to debris. 
Cloud below 2 km has maximum water content of approxi- 
mately 0,05 gmm"^ 
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debris,  since the received signals on both polarizations were nearly equal.    The 

echo structure below  2 km had the character of a weather echo,  and implied a 
_ 3 

maximum water content  about 0.07 gm m      at  2 km on the first scan and 

0.05 gm m"3  at  1 km on the second scan.    No weather echoes were observed on 

any of the RV3 trajectory scans.    The approximate minimum detectable ice water 

content on the three trajectories is shown in Figure 17.    The weak layer detected 

near 8.5 km on the RV1 trajectory was below the minimum detectable level on 

the other trajectories, which were further from the radar. 

20 

x 
o 

X 

Minimum Detectable 
Water Content 
(approximate) 

STM-8W 

10 - 

0 .002 004 
WATER CONTENT, gm  m"3 

Figure 17.    Approximate Minimum De- 
tectable Ice Water Content on STM-8W 
Trajectories.    Any high clouds which 
might be present  must be less dense 
than these values 

The first vertical scan, shown in Figure 18,  revealed several echoes which 

were not observed on the trajectories.    The 8 to 8.5 km layer had ice water con- 

tent about 9 X 10      gm m'  , much below the minimum detectable levels on the 

trajectories.    However,  its appearance on the vertical scan as well as on the 

closest trajectory scan suggests strongly that it covered a wide area, including 

all the trajectories. 
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Vertical  Scan 
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REFLECTIVITY FACTOR,db2 (mm*m"s) 

Figure 18.   Reflectivity Profile Observed on ALCOR 
Vertical Scan at 0837Z,   22 Dec 73.    Reflectivity of 
-31 dBZ  at 8 km  corresponds to ice water content of 
approximately  9 X 10"4 gm m"3 

5.   SUMMARY AND CONCLUSIONS 

The weather criterion for the STM-8W reentry was satisfied.   A thin cloud 

layer,  observed by radar about  8.5 km on the RV1 trajectory and on the vertical 

scans, probably extended across all the trajectories.    Its ice water content was 
S -3 

about  0.003 gm m      on the RV1 trajectory,  and less than 0.003 gm m      on the 

other trajectories.    Absence of this layer in the lidar observations, which might 

be due in part to its spatial variability,  suggests that its ice water content might 

be less than  lO-4 gm m'3.   It did not impair optical tracking of the reentry ve- 

hicles.    Low clouds were detected on the  RV1 and RV2 trajectories,  indicative 

of the  2/10 coverage of low cumulus clouds  at the time of reentry reported by 

the NWS. 
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The weather severity index used as a launch criterion for later tests in this 
series is defined by tS ln thls 

WSI   m rh2 
M h dh . 

(6) 

where the weather consists mainly of a few thin^vl   this ^ PreSent "^ 
by a station over all the cloud layers ^ ^ aPPr0Ximated 

wsi m EM. h. Ah 
ill i (7) 

were „so observed .tout 3.5 km and , km ^tTloZl^ ^ , °d 

P   ng operations,  and no radar weather echoes were detected a* M,- 
altitudes      A Hn» „*■ ^u ueiected at the sampling 
mtudes.    A llne of showers passed through the target area about  1^-    K. 

reentry,  with tops about 6 to 7 km     ThJ u m bef0re 

layers observed on the ALCOR tZ'    t Z ^ ^ ^ 0f ^ ClOUd 

impact. ]  Ct0ry Weather SCanS  tak- i—ediately after 

Improvements in the operational procedures were based on 
during the  PVM-3 mission support in August 1073     T^ „7^* ^^ 

had been shielded to eliminate interference fom ALCOR    llV^T^ ^ 
the August 1973 data     An  T»m *    , ALCOR.  which had been noted in 

gust 197J data.   An RHI display had been installed at the PRESS fW^i 

penence.  was again unnecessary due to the ab.*«« «♦   •     -,• 

u, .ech„ique for obts,„in6 lh. cor„lation _ther d - --- -:-— 
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Symbols 

AFCRL Air Force Cambridge Research Laboratories 

ALCOR ARPA-Lincoln C-band Observables Radar 

ARPA Advanced Research Projects Agency 

CDPC Central Data Processing Computer 

DAPP Data Acquisition and Processing Program 

DMSP Defense Meteorological Satellite Program 

EG&G Edgerton, Germeshausen,  and Grier, Inc. 

ERT Environmental Research and Technology,  Inc. 

GMT Greenwich Mean Time 

KMR Kwajalein Missile Range 

KREMS Kiernan Reentry Measurements Site 

LIDAR Light Detection and Ranging (optical analog of RADAR) 

M Water content (liquid or ice),  gm m 

MRI Meteorology Research,  Inc. 

NWS National Weather Service 

PMS Particle Measuring Systems,  Inc. 

PPI Plan Position Indicator 

PRESS Pacific Range Electromagnetic Signature Studies 

PVM Production Verification Missile 

RHI Range Height Indicator 

ROCC Range Operations Control Center 

RTI Range Time Intensity 

RV Reentry Vehicle 
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SAMSO 

SAMTEC 
SRI 

STM 

TRADEX 
TRAP 

TTR 

WSI 
Z 

Z 

Symbols 

Space and Missile Systems Organization 
Space and Missile Test Center 

Stanford Research Institute 
Special Test Missile 

Target Resolution and Discrimination Experiment 
Terminal Radiation Program 

Target Tracking Radar 

Weather Severity Index 

Radar Reflectivity Factor, mm6 m"3 

Greenwich Mean Time 
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