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INTRODUCTION

Generally speaking , the presence of clouds hampers target acquisition
and air and ground operations . It would be advantageous to a field com-
mande r to have cloud information such as ceiling, amoun t , and top height
readily available at all times , over both friendly and enemy terri tories .
The rapid advance of satellite technology has made it possible to derive
this and other inform ation from meteorological satellite radiometric
measurements in both the visible and the infrared spectral regions.

Although it is diffi cult to determine cloud ceiling, the techniques for
deriving cloud amounts and cloud—top hei ghts on a synoptic scale from
remote sensing of underlying visible and IR radiation are fairly well
established [1-8]. To determine the amoun t of cloud coverage is rela-
tively simple and straightforward and it will not be dealt wi th. To
derive the cloud—top height involves finding the so—called effective
blackbody temperature from the effective upwe ll inq radiance measured by
the satellite JR radiometer and then matching this temperature wi th the
one obtained or predicted concomitantly in both time and space from the
temperature soundings . Though there are some problems [4] with these
techni ques , it has become more or less routine now to delineate the high ,
middle , and low clouds as well as the amounts of cloud coverage on a
g lo ba l scale , which has not heretofore been possible with conventional
weat her observa ti ons.

However , A rmy battlefield operat ions are not synopt ic  sca le , but rather,
mesoscale military activities . Our interest, therefore , lies in the
determination of cloud parameters on a mesoscale. In mesoscale applica-
tions , the problems with these techniques are further compounded , not so
much in the determination of cloud amounts, but in that of cloud—top
heights , the latter bei ng derived almost exclusivel y from IR imagery in
the lO—~m window region. Microwave imagery helps , but only to the extent
that its great penetration powe r enables us to separate the cold i ce- and
snow-covered ground from an equally cold cloud top, one which would other-
wise be indistinguishable in the visible or IR imagery .

This report pro poses to give an overview of the pr ohlel?s in the di terH na-
tion of cloud tops on a mesoscale and will , for the above-mentioned reason ,
limi t our discussions to the JR technique onl y. Fol lowinq a brief rxpo~i—
tion on mesoscale requirements and the type of satellit es which woul il best
meet these requirements , a short descri ption of the sat e llite ’, and their
onboa rd instruments in current use is presented . The n , the pro~ 1”’~s with
the JR technique in mesoscale application will he d 1s i.u~sed ar ~ sol u-
tions explored . Finally, it is argued that computer simulatio n may offer
a more economical and efficient means to cope with SOme of the problems .
The present report may be looked upon as the fir’~t of a series of three
projected reports dealin q with JR imagery in the 11)- rn window reqion :
thus , it is labeled an overview of the JR technique. The next report
considers the theoretical foundation of JR imagery and e\plores the
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opti cal and ra d ia t ive p ro per ti es of several clou d types . The th i rd
report rep resents an effort to extend the theoretical foundation and
l ink it to image ry analysis; a comparison will be carried out in a few
selected cases between the radiance values obtained through numerical
simul ation and those observed by the satellite radiometer .

MESO SCAL E CONSIDERATIONS

In military applications , the dete rmination of cloud-top heights and
amounts cal ls for a scale i n both ti me and s pace well wit hi n the realm
of mesometeorolo gy. Accordi ng to the Glossary of Meteorology [9],
mesometeoro logy is concerned wi th the detection and analysis of the state
of the atmosphere as it exists between meteorological stations (some 80
to 800 km apart ) or at least well beyond the range of normal observation
from a s in g le po i n t. The type of major weather phenomena that are small
enough to remain undetected within a norma l observational network are
some times ca l le d ‘mesometeorolo gicaV ; they include tornadoes , thunder-
storms , an d immature tropical cyclones. However , the detailed observa-
tion of larger—scale occurrences (fronts and precipitation areas) which
may extend beyond 1600 km is also an important part of mesometeorology
[10]. In this application the cloud parameters will be examined on a
scale up to 100 by 100 km in area , up to 10 km in height , and up to 100
minutes in time .

In general , clou d systems , the visible evidence of atmospheric circula-
t i on , are synopt ic scale phenomena. Their movements , and hence the
chan ges in cloud forms , heights and amounts, are u s u a l l y  di ctated by the
prevailing large-scale patterns and cannot be divorced from synoptic
analys is. Never theless , dramatic changes in cloud forms , hei ghts , and
amounts often take place in time intervals of the order of minutes and
can therefore be treated as mesoscale phenomena . Clouds born of surface
heating, land an d sea circulat ion , mountain waves , and propagating grav-
i ty waves , though not unaffected by the prevailing synoptic patterns , are
local phenomena and belong in the sphere of mesometeorol ogy. Rapid
chan ges of such cloud pattern s can indeed occur in a matter of minutes
[11] and will require frequent observations at intervals of 1 to 10 m m -
utes since the art of mesoscale forecasting is still in its infa ncy .

There are essentially two major classes of satellites ; those which tra-
verse the earth from pole to pole , the so-cal led polar orbiters such as
the NOAA [12 , 1 3] and DMSP (Defense Meteorological Satellite Program)
[14 , 15] series , and those which remain stationary ove r some fixed point
alon g the equator and watch the earth go by, the so-called geostationary
satell ites such as the SMS (Synchronous Meteoro l ogica l Satellite)/GOES
(Geos tationary Operational Environmental Satellite) series [16]. It is
not difficult to see that the former class of satellite flies over 
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spo t along its suborb ital track no mo re than twice dai ly , once in the
daytime and the other at niqh t, somewhat like our present upper—air
sounding schedule. The cloud information acquired by this type of satel-
lite may be sufficient for synoptic application. The latter satellite ,
bein g stationary over the equator , scans the entire globe in less than
30 minutes . In other words , any dramatic changes in global weather
patterns which may occur in a longer time period than 30 minutes will be
captured. As a m atter of fact , the satellite , on command , w i l l  sc an
only a limi ted portion of the globe ; thereby reducing the scan time to
perhaps a few I m utes for a sector and greatly enhancing our ability to
detect and track meso scale weather changes such as severe thunderstorms
an d torna dos , even over enemy territory. The present instrument in
SMS/GOES called VISSR (Visible Infrared Spin Scan Radiometer) [17] has
a fine resolution in both visible and infrared imagery (about 1 km in
the visible and about 4 km in the infrared at the nadir; i .e., over the
equator). An advanced version called VAS (VISSR Atmospheric Sounder),
which will not only have indirect sounding capability , but also w i ll
provide addit ional imaging channels [18], w i l l  be introduced before the
end of 1980 . In mesometeorology , that the type of sa te l l i te  which
appears to best mee t our mesoscale requirements be longs in the SMS/GOES
se ri es can no longer be questi one d.

However , since the SMS/GOES is geostationary at a predesignated longi-
tude over the equator , there will be some errors in the determination of
clou d amounts and cloud—to p heights over areas away from the equator ,
less so along the same meridian but more so at other meridians. These
errors arise not onl y from are a l di stor ti on whi ch ma kes an ar ea a t 50°
latitude twi ce as large as an area at the equator along the same longi-
tude [19], but also from vertical distortion in which both the top and
the sides of a cloud are observed. In this respect, it would be well—
advised to carry out a comparison between the cloud imagery generated
by the two types of satellites.

METEOROLOGICAL SATELLITES AND INSTRUMENTS

A number of meteorological satellites provide data useful i n  cloud —to p
height estimation. These inclu de the SMS and ATS (Applications
Technology Satellite) geosynchronous satellites [16], which yield
full earth pictures at half—hour interva ls. Also available are the
pol ar or b i ter meteorolo gi cal sa te l l i tes , inclu di ng the Imp rove d Tiro s
Operational System (ITOS) series of spacecraft [12], the N i mbus ser i es
of experimenta l satellites [20, 21], an d satellites from the DMSP pro—
gram [14, 15]. The geosynchronous meteorolog ical satellites provide
ima gery in the visible and IR bands. The polar orbiting satellites pro-
vi de v i s ible and IR ima gery from scanners and tem pera ture soun di ngs
deri ved from multichannel profiling radiometers [13, 14].

4
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The foll owing poragraphs describe sensing systems , detectors , and instru-
ment ation available aboard th e variou s meteorological spacecraft that
have potential utility in solvin g the cloud hei ght problem .

S MS

The SMS/GOES (Geostationary Operational Envi ronmental Satellite ) provides
full earth images at half—hour intervals during day and ni htti mn e hours.
In 1975 , SMS A was geostationary over the earth ’ s equator at 70 U longi-
tude , 36 ,000 km from ear th .  SMS images ar e telenmetered to the NOAA
Command and Data Acqui si t ion (CDA ) stat ion at Wal lops Island , Virginia.
The comp uter processed data are then relayed v ia the sate l l i te  to the
Di rect Readout Ground Station (DRGS) SMS unit at W SMR.

The SMS is spin s tab i l i zed at 100 revolutions per minute about a cylin-
drical axis . The Visible Infrared Spin -Scan Radiometer (VISSR) unit
(Fig. 1) has a side viewing 41 cm ap er ture  that scans the earth once each
revolu tion of the satellite. Table 1 gives design data , and Fig. 2
shows a v i sual  depi ct ion of SMS /GOES .

The VISSR scans the earth pole to pole in 18 minutes (1821 latitude
steps , see Table 1). One full disc image is completed each half hour .
This image is stored on magnetic tape and produced as a 22— by 22—inch
image transparency on the DRGS laser fax system. Othe r combinations
avai lable include a 7.5-minute sector scan for a part icular act ive storm
are a on the surfac e of the earth character ized by rapidly chang ing cloud
patterns.

La ter versions of SMS/GOES will use the VAS system ma de up of a VISSR ,
an atmospheric sounder , and a mul t is pect ral s canner. Anot her ve rs i on
of SMS will incl ude a microwave scanner. The new detectors can be em-
ployed in the determination of cloud-top heights . The VAS system is
designed for the 1979-1981 GOES series (SMS , F, G , and H) and the micro-
wave sensor for the 1985 satellite [1$].

ITOS VTPR SYSTEM

The Vertical Temperature Profiling Radiometer (VTPR) is a continuous day
and ni ght eight-channel radiometer soundtng system aboard the ITOS space-
craft. Six of the radiometer channels are in the l5i CO.~ absor p t i on
ban d (Table 2) [13]. One ra di omete r c hannel scans at a wa ter va por ab-
sorption ban d (535 cnr ’) and one channel is in an atmosphe ric window at
833 cur 1 . The opti cal sys tem of the VTPR consis ts of a scann i ng mi rror
(Fi g. 3), an d 73.5 fl711 Casse g ra i n i an telesco pe , a filter wheel and chopper ,
and a detector assemb ly. The detector assembly consists of an Irtran 4
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lens , a qero~m ri iu nm ‘,- - i n k i w , and an uncooled pyroe lectric dvt ec t ii . Radi-
an ce measurem ents are cal i b rated f rom 0 to 2O-~.8 “~/i’r Sr  c ii ’ .
s in~~le VTPR scan t , i k -s l:~.5 ‘, ‘conds . A 0.5—sr- coo l i n t -r v a l j~ ~~‘d
c’31 ,h of 23 scan spots.

ITOS S~ ‘‘~~ R

Mojor ope t -oting par.t’ I- t ’ r ’ of  the FIlls pO I~ ll ’ Oct  t t ’ i  e ’ ’ ; ; - l o u al
satellite (Fill . 4) 1) 0  sho ws ; in T 1i bi e [12 . The cons ;i si q radi om -

(SR) subsyst e;-i of toe ITOS satel l i t ’  cons i s t s  f two 2_ ch ar lm’ l radioi i—
eters . Each rodioc:v ter consist- , of a scann nq u n it ,  an el e ct ‘M ’ l C ’
pac kaqe , and SR processors and S~I’ I  -J ‘ . The t 1 - . . chan ne ls ‘~~~ t oo  5I~ope rate in the visible (O.5 iit to ).73..H and in t he JP (l ’ i .h .ni to  1 - .b 0 )

bands. SR resolution is 2 no; for v i s i b ’
~e data and 4 no’ f r R at

the subsatel lite point . Later ve p ,ions have resolution to ‘3 .5 no .

DMSP SATELLITE

The Block 5D DiISP satellite travels ‘in a polar orbit 450 9 no above
the earth. The payload of the satellite wei oh~ 136 kg and operates at
a powe r of 170 U. The power source is a circular track deployable solar
array with storage provide d by ~iCd battery cells.

The visible scanner (operational line -sc an system , OLS) has a resolution
of 1. 5 by 1. 5 no in the global scan mode and 0.3 by 0.3 nm in the vem - y
high resolution m ode.

Resolution capabilities of the scanners are summari zed in Table 4 [15].
The OLS (Fig. 5) [14] consists of a visible—IR Cassegrainian telescope
rel ay optics , a three-segment silicon diode visible detector (Fig. 6)
[14], and a two—se qment , trimetal , HgCdTe , IR detector . The primary
imii rro r is a 20 cm f/l.O parabolic folded optical system .

The visual  daytime response is in the 0.4. to l. l~; band for maximum con-
trast between earth , sea , an d clou d elem ents . The JR response is in the
9, to 13, band for detect ion of both water and ice crystal clouds. The

• JR detector is accurate to l°K mi s between 2l 01K and 310 K. The noise
equivalent temperature di fference (NETD) is within l°K.

JR TE CHNIQUE AND IT S PROBLEM S

The theoretical basis for the determination of cloud-top temperature in
the IR spectrum rests with the manipul ation of’ the rad~ ati ye transportequation [22 , p 31 . The amount of radiance detected by the SMS JR radiom-
eter come s mainly from the thermal emission o f  liquid an d so l id  aerosol

11 
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TA BLE 4

SCA N~J LR RESOLUT IIM IN NAUT ICAL MILLS
FOR TIlL DMSP BLOCK-5D SATELLITE

Visible JR

Day 0.3 x 0.3 0.3 x 0.3

Ni ght 1.5 x 1.5 0.3 x 0.3
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OLS SENSIN G CONCEPT

SCENE
INP UT

HRD E NER GY
DETECTOR 

DETEC TOR OSCILLA TING

~~~~~~~~ 
: ‘ j~~y~

PR IMARY
Ml , M2. M3. M4, M5 I MIRRORS

BMS: BEAM SPLITTER; SPLITS INFARED ENERGY
FROM VISIBLE ENERGY VIA MTI AND MT2 (NOT SHOWN)• TO THE T (THERMAL ) DETECTOR.

FS FIELD SPLITTER; SPLITS FIELD OF VIEW OF
VISIBLE ENERGY FOR THE VISIBLE DETECTORS.

HRD: HIGH RESOLUTION DIODE (SMALL FIELD OF VIEW).

PMT: PHOTO MULTIPLIER TUBE (LARGER FIELD OF VIEW ).
Fisiure 5. Operational linescan system .
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particles as wel l  as from the gaseous con stit uents of the atrusphere .
The matter which emits also absorbs at different narrow IR bands , thus
causing attenuation in an atmospheric column which is undesirable in the
determination of cloud—top temperature , particularly if the exact asim ount
of absor be rs i s no t known . Therefore , the narrow bands where the least
amount of mole cular or gas eous abso rpti on exi s ts need to be foun d . These
narrow bands are coimnuonly referred to as JR windows . There are two
windows : one in the 3. 7 m u band and the other in the 1O;.IIS band . The
fo rme r is not too well situated since some scattering by aerosol parti—
d es of solar radiation is appreciable at this wavelength. In the 10,-rn
band , there i s v i rtuall y no i nv as ion of solar ra di at i on , and the only
absor ber that nee ds to be consi dere d is water va por.

With the removal of solar energy from the radiative transfe r equation
(to be discussed in detail in a subsequent report), the radiance eo le f ’ li ing
from an emiss ive  and scattering cloud of aerosol particles can be ob-
tained by solving a much simpler transfer equation . Let N 5 be th is spto -

tral radi ance and 
~~~ 

the effective frequency response function. Then ,

the effective radiance N to which an orbiting IR radiometer responds is
gi ven by

N l:,J
’ N \~

. \d\~

from which can be derived the so-called equivalent blackbody temperature
of the body below. If the body i s a clou d of liq ui d or sol id aero sol
particles, i t i s commonly cons id ered the temperatur e of the clou d to p.
If the atmospheric col umn in the field of view of this radi ometer is
comp l e te ly  dry an d free of any aerosol par ti cles , the temperature is the
equivalent surface temperature .

For th i s temperature of the clou d to p to be of any real val ue i n the
determination of cloud—top height , as commonly practiced , it is important
to investigate the conditions un der which this equation may be va id.
T hese con diti ons , pertinent remarks, and discussion of some solutions
fo 11 ow .

When an object radiates as a blackbody , at a wavelength , i t s  spectral
emissivity is equal to unity ; i.e., It is opague to transmission at that
frequency and nonreflecting. Depending upon the mi c.rophysica l property ,
a cloud may or may not ra di ate li ke a b lack body at all wavelen gths in
the same IR window ban d. This phenomenon has been shown theoretically
to be so by Shifrin [24], Yamamoto et al. [25], Zdunkowski an d Choronenko
[26], Yamamoto et al. [27], and Hunt [28].
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Fie ld obse ’v , it i o ns ~
‘- . q,str~, an’) 51 i ,, [~ ‘~] , A l len  30], Pal t r i d ’s ’  [31],

,U? , i 1’] ,m t  t ,f ’ ul Bar t iivi ’~ [3:’] 1 OV I ’  a l s o  deH uri s ’ l ’, ft i H l  a w ide s ’ ,I l q t ’ u f
“t ’,l’ .Uf’PuI er’i~,oiv j t i e s  o ’er Ii tt . ’ ? ’ . ’ ! t t c loud t v) I 1 ’S ; unf ort n It t e ly, n o n e
uit th u ’~~t ’ aut hu u, S l f ’ Iu V j , l l ld onc --i cre ;Thvs ic ~l do t ,t .

Ne\t iS 1 11 1 1 i - nI l e;- lt  t l ~~’ ? ‘o d iu r it ’t ef ‘ S o ld  - ‘ ~~ vii”- ,’ . Unles s ~i cloud ’ s
areal e \ ) o n ’ .e 0 ) O V f ’ f  s Ihe fiel l i u t  view o r ’ p l t ’ t e l s  , t ’ n u; ;wu ’l li nq i~ t , I i —
once reocc i  5 1 1 )  th e r id i  1liH~ 1 es wi 11 i nd o h ’  t s ’ ; und radi ,t t  ion . As a rt ’’ .ul t
t ) ie l’ s t m ’s lt e ’.l c loud- to ; ’  t e o q e r o t u r e  w i l l  be higher ond i t s  e s t i  ‘ .ited
hei ght c or re s po nd ing ly lower , it t O e  ve r t i ca l  d is t r ibut ion , t ’ cloud
t e - ’peratu re is a wood en cal ly dec reasi n’i function of hei u i h t  .

~~~ie problems of scatt ered clouds and look angle oov he I nd u ’ l u ’ .l in this
. 3 .  e u i o i ’y .  The lat ter is unique to SMS imauo ’ry s ince the satel lit i is
parked .tt some longitude along the equator . The regions of interest to
US i€onet -

~ l ly lie s o m e w her e  in  midl  a t i  t u d e s  . Figure 7 ( reproduced t ! ’Ol ’ l
an AW’— techni cal report [33]) vividly illustrates these problems i n  t h e
le t enim inat ion of cloud —to p heights .

He radiometer may not respond equafly to the wi de range of thermal emis-
sion from tne cloud and the ground surface; in othe s -  words , there nay be
.~re ate r  e rrors in one temperature range t han in another. There has been
no known investi qation of the response charac ter is t i cs  of the radioi ;t ’ t e rs
in the SMS under orbit ing condit ions . Howeve r , as an example , in the
case of the earlier NOAA series , the IR radiometer showed an error ranq-
ing from - 2~C at the warm end of 300°K to .8~C at the cold end of l,tl 5 c K
[33]. Anderson and Smi th [33] estimated that wi th reference to the US
Standard Atmosphere such errors would cause an uncertainty of about
-300 m at the derived cloud—to p height of 1 000 in , about ‘600 mu at 4200 in,
about ‘1000 m at 7500 m , and about 1200 in at 10 ,000 m.

Also , cirru s clouds are present above the cloud deck of interest , and
there may be severa l layers of clouds. As regards the former , both theo-
retical and experi imienta l studies have been smi ade of the optical properties
of the cirrus cloud (e.g., [34—43]) .  The e m iss iv i ty  of the cirrus cloud
v a r i e s  from 0.1 to 0.75, depending upon its m icrostructur e . Whether at
the low end or the high end of emissivity , i t s  presence causes an under-
esti )n ate of the hei ght of the l ower cloud. Zdunkowski et al. [391
est ilo tl ” l that even invisible cirrus or haze could reduce the upwe l1~ nq
radiation by as much as 10- ’ .. The problem of multi layered clouds has
been studied [44], but not to a great extent.

Gaseous constituents of the atmosphere exist also above the cloud. In
the 10pm JR window , the absorbers are water vapor , carbon dioxide , and
ozone; however , they apparently are not a problem since their amounts
are rather small [45] above the cloud top.

18
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The problem of the he ight—temperature relationship is least appreciated
in the determination of cloud —top height. Though listed last here , this
problem is by no means the least  serious one. Unless the cloud is in
complete the rmim odyna mim ic equi 1 i bs ’ i urn w i t h  i ts  env ironment , i .e. , the cloud
and the environment share the sonic temperature lapse rate , the cloud—top
height w i l l  become indeterminate.

SOME SOLUTIONS

Although the various problems in the use of the JR technique for the
determination of cloud—to p height are listed separately, it is convenient
to discuss some of them together which may be amenable to common sol u-
tions. Some of the solutions considered here are necessarily somewhat
speculat i ve ; however , such speculation is based on reasoned deduction.
In the literature , most authors are concerned with the synoptic utiliza-
tion of the cloud parameters derived from satellite observations. In
general , these authors are satisfied wi th a knowledge of only the low ,
middle , and high clouds [4h] w i th  an error no less than ‘ 1 kin in their
height estimates . Therefore , they need only recognize these prob l emim s
and not be overly concerned wi th thet is so long as the cloud information
serves their global and synoptic purposes.

In military aviation , target acquis ition , and seve re sto rm t r a c k i n g ,  an
error of ~l km may be excessive , and these problems should not be taken
lightly.

The problems pertaining to a more accurate determination of cloud-top
height can be tackled in three ways : (a) extensive airborne and surface
field observations , (b) in— situ satellite measurements , and (c) computer
simulation of upwe lling radiation from cloud atmospheres . In the last
category are problems of whether a cloud radiates like a blackbody , of
how the cirrus cloud affects the upwe ll in g radiation of the underlying
clou d an d , to some exten t , of how seriously an oblique look angle dis-
tor ts ra di ance values.

Field experiments are costly. Some have been performed , as already
noted above in cloud ensissivity studies , bu t there are no fi rm conclu -
sions in view of the rather limi ted field measurements and the observa-
tion cost. If a satellite had an unrestricted payload , in-situ
measurement would be the best. For example , for cirrus cloud emissivity .
the far—JR instrument proposed by Houghton and Hunt [47] may be used.

By making use of the microphysical parameters representative of the
various types of clouds , it is possible to determine if the cloud having
that type of microstructure radiates like a blackbody . However , warm
and supercooled clouds should be modeled separately in view of the fact
that the Mie scattering properties of water and ice particles are quit e
diffe rent. While the Mie parameters of spherical water droplets are
fairly well — established , those of shaped ice cry sta ls are not. Thus ,

20
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co mmi put es ’ simulation of ci r .s - us clouds would be son 1ew r tat _ di f f i c ~ l t .
There is an e \ t , ’e I le pau ci lv of i - l l  crophysical data on the Si ze and shape
distri u on ot’ i i - r ims— t y ue c louds ; computer sim lat ion of wa no clouds
w o u l d  not  be t u u u i j

~ I f j c im l t , Ond there is a rel at ivi’  abundance of ui ~~~~
pb v sj cal data on various cloud types. Mo reove r , i t  lay be feasi ble
0 01411 1) fl u?’li ,’ i i cal mmm ode ii nq to go in some knowledge of the apparent thick —

nes s ot ’ c louds . Onc e the cloud t ’Ufl 5si  v i  ty is known , it is re latively
s i m p l e  to c a l  cu 1 ate the t e lope ra tu re of the cloud top f roe the meas u red
t adi once .

Undoubtedly. an oblique look ang le d is tor ts  the cloud picture . Unfortu -
nate ly , the radiat ive transfe r equation can only be solved e f f ic ient ly
for a plane para l le l  cloud although it is a l leged that , in theory , the
Monte Carlo technique will handle a cloud of any geom etry . No literature
has been found in this respect. On the other hand , the SMS parks at
about 36 ,000 km above the equator; therefore , the look—angle distortion
over the mmi id l atitudes may not he too serious. Neverthel ess , it would be
advisable to make a comparat ive study of the cloud —top heights derived
sim ultaneously over the same spot from botO the SMS and the NOAA orbi ter
sate l l i te .  Because of an u l a r obliqui ty, the correct ion factor  to th e
SMS radiance values may wel l  he a f u n c t i o n  of la t i tude.  Once this cor-
rection factor is established, it may be applied to subsequent SMS ra-
diance readings .

Scattere d and mult i layered clouds in the radi onmeter ’ s f ie ld  of view are
problems of an entirely different category in which ne ther field nor
satel 11 te measurement would be of much help. For the fonler , computer
s i m ulat ion of randomly s i tuated clouds appears to be the only solut ion .
As to  the lat ter , except for the case where the top cloud layer is thick
enough to radiate like a blackbody , it would be d i f f icul t  to simulate
such clouds on a com puter. Nazirov [4S] used mult i layered clouds to some
advanta ge . He used the shadow of the top cloud cast upon the l ower
clouds as well as nei ghboring clouds to estimate the heig ht of the top
cloud.

He p robl e m c~f instrument ca l ib ra t ion  of response error must a lso be
- OnSidu t ed . Since the sa te l l i te  radiometers are ca l ibr a ted onboard
re~ ul ar ly ,  be assumption can be made that they a re acceptable for
piit ’ pese~ of th is  detenn ination. However , it would be wel l —advised to
cnt ’c k su ch ca l ib ra t ion  at the ground level to dete rm ine if there is any
erro r ,st the war imi ends dS well as at the cold end and what correcti on.
it an y , needs to be applied.

SUMMATION

In th is bri ef discussion of the problems and the solutions pertainin g to
the k’terinin ation of cloud—top height, the authors have touched upon the
technique in current use , the problems assoc ia ted  w i t h  this technique in
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nm esosca l e appi i cations , a n d  the tv i ’ ’ of ‘irt em -ui ogi cal sat el ii tes cc-
gu i  red.  Some sol  ut  ions have -ii so been oft” -ed . Present ly,  the synopt ic
meteoro lo g is ts  appear to be less conce i -ned w i t h  certain ambigui t ies in
their deter mination of cloud —to ; ’  hu . iq hts .  As a ~I3 t t ’ r  of fac t ,  the
def in i t ion of cloud top, as quote d ear l ier  from the Glossas~ of
Meteoro 1o ,~~ is not in itself tree t -os ambi guity . What can one say
about the effect of di ftc ru ’nt instr ummm ents?

A 1tho~~;h , on the surt ’ ace , it h a y  riot se ’~ ~- - r t inent to the discussion
here , it  is neve ) -t he less of in te s - u ’ st to note a Russi in study by 11’ m a
ari d Lapch~” vm  [411] of the di f f e r ’ i~t techniques in their determination of
Cloud he ig hts.  They employed the sa te l l i t e , the radiosonde and the
rada r for this p irl ose , ari d their findin os ore reproduced in Table 5.

Di fferent sensors “ interpret” the hei u i ht  of the cloud top in diffe rent
w a s , ossu rn n uj no i nstru mn e mm t errors , Accordin g to the table,  the radio-
scu n. ’e ~ yes the hi ‘ ihest  va lue ;  the rad ar , the middle value ; and the
s a t -  lii te radi o rter , se l ow e s t  . Hi re in l ies th e anth i oui tv of the in-
st ric’~’ii t 5 ii ) U5t ’

There has been no known e t fort in the meteoro loqi cal common i ty to ext ract
cloud m ,s ro ’ :oter s t re ’ . t o e $ - P-’ JR i”a iery . On the basis o f  past investi-
gations , it wa y he s a f e ly  s tated that the c loud— t op height is dete rmined
to  n o ~nt ter than - 1 k , us i n ’  the orhi ter sa te l l i t es .  Wi th  greater re—
searcn ‘f i o rt  in de l ineat ing  the radi ative properties of the clouds and
the look an i le problem , it appears to be ent irely possible to refine our
esti :’a t u ’ of t he cloud-top hei~iht to about ‘3 .5 km for the case of total
co vu ’r .iu in us in .; the S~’l5 alone.

On the other I m d ,  for the case of scattered and mult i laye re d clouds ,
the pro b lems are ore di f fj c u l t .  However , since it is not expected that
cloud coverage 5O~ and less would greatly interfe re wi th  the Army ’ s meso—
scale operat ions ,  computer simulation nay still be used to advanta ge .
Th is problem i’,’ifl be tack led as soon as the proble ms associated wi th
tota l  c o ve rage have been solved .
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ABBREVIATIONS

AFRCL Air Force Cambridge Research Laboratories

ATS Applications Technology Satellite

AW S A i r Wea ther Serv i ce

CDA Comm and and Data Acquisition

DMSP Defense Meteorolo gi cal Sa tell it e Pro gram

DRGS Di rect Rea dout Groun d Stat ion

GOES Geost ati onary Opera ti onal Environmental Sa tell it e

IGFOV Instan taneous geome tri c fiel d of v i ew

JR In frare d

ITOS Im proved TIROS Opo rations System (TIROS = television and
infrared observation satellite )

NETD No i se eq ui valent tempe ra ture di fference

NOAA National Oceanic and Atm ospheri c Administration

OLS Ope rational line —scan systeimi

SATSEE Satellite Target Visibility System

SATSTM Severe Storm m m Observational System

SMS Synchronous Meteorological Satellite

SR Scanning radiom imeter

VAS VISSR At immospheri c Sounde r

VISSR V is ib le  Infrared Spin Scan Radiom mieter

VTPR Ver t ica l  te rimperature prof i l ing radiometer

WSMR White Sands Missile Range

p4



RE FER EN CL S

1. Fritz , S. and 3 . 5. Winston , 1962 , “Synoptic Use of Radiation
• Measur ei mments front Satel l i te  TIROS II ,” Monthj~ Weather Rev. , 90 , 1—9.

2. Rasool , S. 1., 1964 , “Cloud Heights and ‘
~iqhtti mmm e Cloud Cove r From

TIROS Radiation Data ,” A~~~s heric Sci., 21 , 1 5 ’ -156.

3. Sa iedy , F., D. T . Hi 1 leary , and W . A . r-lcu r ma n , ] i (~~, “C loud Top
Altitude ~1easurem ;ments Eros Satellites ,” 

~
pj
~
j . Qpt .  , 4 , 495 —500 .

4 . Rao , F . K. and J. S. W i ns ton , 1963 , “An Investigation of Sonic
Synoptic Capabilities of Atmimospheric ‘W indow ’ Measur ei ’ii ’nts fs ’I l ’

Satellite TIROS II, ” .3. Appj~ Meteorol ., ?~ 
12-33.

5, Koffler , R., A . G. DeCotiis , an d P. K. Rao , 1973 , “A Procedure for
Estim mmating Cloud Arm iount and Height fromim Satellite Infra red Radiation
Data ,” 

~~~~~ 
Weather Rev., 101 , 240-243.

6. Bol dy rev , V. G. and A . N. Kata l’ nikova , 1973 , “Some Results of
Determining Cloud Top Heights front Satellite Infrared Measurements ,”
Advances in Satellite orolo9 , I , Israel Program for Scientific
Translations [IPST) , Jerusalem , 84-90.

7. Vonde r Haar , T. H. and 0. W. Reynolds , 1974, “A Bi-Spectral Method
for Inferring Cloud Amount and Cloud-Top Te imm pera~us - u: Using Sate l l i te
Da ta ,” Preprint , 6th Con f. Aeronautical Meteorol ., 190-193.

8. Glahn , H. R., 1 966, “On the Usefulness of Sa te l l i te  Infrare d
Measure m ents in Detenuination of Cloud Top Heights and Areal Coverage ,”
J . App l. Meteorol ., 5, 189-197.

9. Husc h k i e , R. E. , Ed., 1959 , Glossary of Meteo ro lo~y, American
Meteorolo gical Society , Boston , 638 pp.

10. Byers , H. R ., 1959 , General Meteoro l,~~~ McG raw H i l l , NY , 363-367.

11 . T homa s , .3 . E., fri. D. Kays , .3. D. Ho rn , and R. L. Moore , 1975 ,
“V isual Observation of Propagating Gravity Waves on ATS III Satellite
Fi lm Loo ps ,” ECOM—5553 , Atm ospheri c Sciences Laboratory , White Sands
Missile Range , NM.

1 2. Schwa l b , A., “Modi f ied Vers ion of the Imp rove d TIRO S Opera t iona l
Satell ite (lb S D-G),” NOAA Technical Memorandum NESS 35, Na ti onal
Environmen tal Satelli te Serv i ce , NOAA , US Departmim ent of Commerce ,
Washington , D.C. (Apr 72).

25



~ -- -~ - - - - - - -
~~~~~

13. N1c :Mi ll in, L . M. et il. • 1H73 , “Sate l l i te  Infrared Soundi ng f t ’O-

NOA A ‘- .p ace cs-a t I ,“ NOAA Techni cal Report Ness 65, Was h ington , 0. C.

14 . ‘iicho ls , H. A ., 1975 , “Block 50—Com pilation , January 1975 ,”
De fee-. e Me I ’ m  ~

‘ i 1 mm i cal Sat eli i te P m g  rain , SAMSO ,

15. Dick in ’ ,-, in , L. G., S. E. Bose il y III , and W . S. Buriin ,tn n , “ De fense
Mi’teoroloqi ml ~otel ii te Program (m ~1sp ) User ’s Guide ,” /\ -!b_ TR_ 74~25O
(f lee 74 ) .

lo . Pipkin , . B., ‘‘ hl-1 ’~ Sys’em )escript . ion b’.’u- es t ,’’ Vol 11 , GSFC ,
rc’enbel t , MD (Oct 1 °7l

17. Abbott , b . M., Operational Manual: “Visible Infrared Spin Scan
Radi ometer (V I SSR) fo r a Synchronous l’l t’ ’oro log i  ca l Spacecraf t  (S MS) ,“
Santa Barbara Research Center , Goleta , CA (Sep 73).

18. Shenk , W. E., Presentation at Confe rence on Satellit e Studies of
Severe Stornms , the University of Texas at El ~,IOO . Jun 75.

19 . Duncan , Louis 0., 1973 , “A Geomm metr i c Investi ga tion of the Effect
of Viewing Angle on the Ground Resolution of Satellite-borne Sensors ,”
ECOM—55 02 , Atmospheric Sciences Laboratory , White Sands M i ssile Range ,
NM

20. Maschoff , R., 1971 , “Nf mmi bus E infrared Temperature Profile
Radiometer ITPR Instrum m ment Sumi mmmma ry, ” Gu lton Instrument Co.

21. Streaker , Fl . 0., 1973, “The Nimbus F Observatory ,” ERTS- NIM I’Th S
Proj., Off. , Goddard Space Flight Center , Greenhelt, MD.

22. Chandrasekhar , S. , 1960 , Radiative L~~ f~r~ 
Dover , NY , 393.

23. Goody , R . ‘& ,  1q64 , Ati~~~p,~eric Radiat ion , Oxford University
Press, London , 436 pp.

34. Shi fri n , 1- . S., 1950 , “Spectral Properties of Clouds, ” i~~.o f i ~~ .
Pu m a. Appi. . 4H , 129 — 137 .

25. Yanmamoto , G. , M . Tanaka , and K. Kami tani , 1966 , “Radi a t ive
Transfer in Water Clouds in the 10— ni Window Region .“ .3. A t I i o - .p ’ ’ri
Sd ., 23, 305-313 .

26. Zdunkowski , W. G. and I. Choronenko , 1969 , “ Ini ’o - p le t r  Bl a kii , ’ss
of Clouds in the Infrared Spectrum ,” Beitr , Atmuos . Phv - . • 4 ? ,  2 mh- 2: ’4 .

21’



27. Yam im anmoto , G. , M. Tanaka , and S. Asano , 1971) , “ Radia t ive Transfer
in Wate r  Clouds in the Infrared Region ,” .J . Atimm o~pheric Sd .. ?.7~282— 20? .

2?. Hunt, G. E. , 1973 , “Radiative Properties of Terr es t ri a l  Clouds at
Visible and Infra red Therm imal Window Wavelength ,” Quart. J. ~ y.
Meteorol. Soc., 99, 346-369.

2’). Gates , [). M. and C. C. Shaw , 1960 , “Infrar ed Trans immission of
Clouds , J. Q~t. Soc. Amu. , 50, 876-882.

30. Allen , ,1~ R. , 1971 , “Measure m ents of Cloud Em imissivity in the
~— l 3 . ,mmm Wave hand ,” .3. A~p1. Meteorol . , 10 , 260—265.

31. Paltridge , G. W., 1974 , “Infrared Emmmissivity , Short-wav e A lhedo ,
and the Microphysics of Strat i form m m Water Clouds ,” J. Geophys. Res.
70 , 4053 — 4058 .

32 . Plat t , C. M. R . and K. Bartusek , 1974 , “Structure and Opt ica l
Properties of Som ime Mi ddle- level  Clouds ,” J. Atmo~pj ieric Sc i . ,  31,
10 79-1088.

33. Anderson , R. K. and A. H. Smith, 1971 , “Application of Meteoro-
log i cal Satellite Data in Analysis and Forecasting, ” AWS Tech Rpt 212,
USAF Air Weather Service .

34. Kuhn , P. M., 1963, “Measure d Effective Long—wa ve Emissivity of
Clouds ,” Monthl y Weather Rev., 91 , 12-18.

35. Platt, C. M. R. and 0. J . Gam bling, 1971 , “Emissivity of High
Layer Clouds by Com bined Lidar and Radi omimetric Techniques ,” quart.
J. Rqy . ~‘1eteoro1 . Soc., 97, 322-325.

36. Platt , C. M. R., 1972 , “Airborne Infra red Radiance Measure mm mentc
( lO — l2 ;imnm ) Off Tropical East—Coast  Aus t ra l ia ,” J. Geoy~~s. Res.,  77 ,
159 7-1609.

37. Platt , C. M. R., 1973 , “Lidar and Ra diomm iet e r Ohserv at io ns of
Cirrus Clouds ,” .1. Atn mospheric Sc i . ,  30 , 119 1—1 2 ;)- ) .

3;). Va lovc in , F. R., 1968 , “Infrare d Measuro imment s of Jet— ?t r eamm i
Cirrus ,” J. ~pp1. Me teoro l., 7 . 817 -826 .

39. Zdunkowski , W. G. , 0. Henderson , and .3.  V. Hale ’ , l°65, “The
I nf l iiI’n (’(’ of Iloz e on In f rc i  red Radio t ion Mea ‘- u t- t’i ie n to Dote’ t i’d by
Space Vehicl es ,” Ti ’llus , 17 , 147—165.

27



‘- ---- -- 

~~~~~~~~ m— -- — ------—-‘- — — ‘ — - ------ - --- - - ——--- — -— —- 
-‘

40. Fritz , S. and P. K. Rao , 1967 , “On the Infrared Transmm i ission Through
Cirrus Clouds and the Estimation of Relative Humidity frommm Satellites ,”
J. Appl. Meteorol ., 6, 1088-1096.

41. Liou , K. N., 1972 , “Light Scattering by Ice Clouds in the V is ib le
and Infrared: A Theoretical Study ,” .3 .  Atmospheri c Sci ., 29, 524-536.

42. Li ou , K. N., 1973 , “T rans fer of Solar Irra dia nce Throu gh C i rrus
Clou d Laye rs ,” .3. Geophys. Res., 78, 1 409—1418.

43. Li ou , K. N ., 1974 , “On the Radi ative Properties of Cirrus in the
Window Region and Their Infl uence on Remote Sensing of the Atmosphere ,”
.3. Atmos pheric S d . ,  31 , 522-532.

44. Cooley , D. S., J. 1. Ball , an d A. ~l. Pavlowitz , 1970, “Layere d
Cloud Analyses Deri ved front Satellite and Conventional Data ,” .3.  App l
Meteorol ., 9, 1 58-169.

45. Shenk , W. E. and V. V. Salomonson , 1970 , “V i si b le an d Infrare d
Imag ery Front Meteorolog ical Satellites ,” Appl. 9p~~

, 9, 1747-1760.

46. Rao , F. K., 1970, “Est i mating Clou d Amount an d He ig ht from Satell it e
Infrared Radi ation Data ,” ESSA Tech. 

~~~~ 
NESC 54 , 11 pp.

47. Houghton , .3. T. and G. E. Hunt , 1971 , “Th e Detec ti on of Ice Clou ds
From Remote Measurements of Their Emission in the Far Infra red ,” Qy~~.
J.~~~~~ Me teoro l_So~
48. Nazirov , M., 1970 , “Sha dow on Satel l it e Pho tog ra phs as a Sour ce of
In fo rnm ati on on the Hei ght of Clouds ,” Problems of Satellite Meteorology,
IPST , Jerusa l em m m , 20—25.

49. Il ’ ina , G. I. and V. F. Papchev a , 1973 , “Comparison of Satellite
Measure d and Radar-Observed Cloud-Top Heights ,” A dvances in Sa tell it e
Meteorolpgy,~ I, IPST , Jerusale m , 145 -153.

28 

—-- - - -‘-‘ - - - ----- --———~~~~~~



‘ ‘~~~~~~
‘
~~~ ‘‘ ‘ -., .. ~~~~~ - ‘— “ ~~ “- 

ATMOSPHERIC SCIENCES RESEARCH I~APERS

1 1.tndherg. .J I) ‘‘An Imp rovement  to a Met hod for Me a sur i ng t he Absorption (‘oeffh - i ent
At mosphertc 1)ust and other St r .’ng lv Absorbing Powders . ’’ E( ‘( )M -55th - Ju l
1975 ,

2 . Av ara , El ton . P . ‘\lvs, scale Wind Shears Derived from Thermal Win ds , ’’ E( ’ \I -S’ ;.
.J u I ~- 1975 ,

0 , ~~~~~~~~~ Ri chard H. and .Jose ph H - P ier fuis s i , ‘incomp let e (~~m n a  Funct ion  Ap J ) r o x ima t  i n
for K ing ’s Strong-Line l’r an smit  t a m e  Model ,’ E ‘ \1 -SSt ;7 .Jul v I 975 ,

4 I-~lan co . A~J - and H F . E ngebos . ‘‘ Ral l i s t  ic Wind Weigh t ing  F u n c t  i , ,n s for  ‘l ank 1’r’~j ect les
E( ‘( )M -~‘5ti~ , August  1975 .

5. l avh ’r . l’ redri ck .J~ .Ja~-f ~ Sm i t h . and Tht ,ma s H Pries , ‘‘( ‘ rosswind Nb I l r emen l s  t h r ough
P at te rn  Recognition Techni q ues. ’ E( ‘( )\1 -55~ 9, ~JuIv I 975

1 , \\ aItt’rs . 1) 1 . ‘‘Cr, ,sswind \\‘e ight ing Fun ct  I rIS for 1)irect - Fir e Project i l es ’’ E(’O \1
August 1975 .

7 . Duncan . l , ouis  1) ., ‘‘A u Improved Algorithm for the  Ite rated M i n i m a l  In fo r ma t  11, 11 Soltim i ’’n
‘r Remote Sounding of Tern perat nrc ’’ E( ‘ I )\1 -557 I August  11175 ,

~~, Robbiani . Raymond I . “Tactical Field 1)emonsm rat ion of \1,,hile Wea l her Radar  Set
A N / F P S - - t  I at Fort Rucker . Alabama ,’’ E( ‘( )M -5572 A u g t i ~ m 1975 .

9, M iers , H .. ( Hlackman . 1) I ~anger. and N - 1., ’rimier . “Anal y sis  of S NI S ‘( ( )ES Film Data ’’

E(’ONl-55 70 . September 1975
10 . Manquero , ( ‘ar l t ”~. I .~ ‘a k 1)uncan . and Rufus Bruce . ‘‘An In d ica t  ion from S a t e l l i t e  Measure-

ments  of Atmospheric (‘() \ ar i a b i l i t v , ECOM -557-I . Sep tem lwr 1975 ,
11 Petracca . Carmine and James 1) Lindherg . ‘ ‘Ins ta l la t ion  and Operation of an A m nìospheric

Particulate Collector ,’’ ECOM-5575 . Septeml)er 1975
12 , Avara , E lton P. and George Alexander . ‘‘Empirical  Invest i gat i,~n of ‘J ’hre e Iterativ e Met li~’ds

for Inver t ing the Radia t ive  I’r ans fer  Equat i,,n ,’’ E( ‘( )M -557th October 1975 ,

Alexander . George I) .. ‘‘A 1) i g it a l  l ) at a  Acquisition In t e r f ace  for the  SNIS 1)irect Readout
( ;r ~~ind Sta t ion  - —  Concept and Pre l iminar y  I)e sign .’’ ECOM-5577 , Octobe r
1 975 ,

1-I - Cantor . Israel . ‘‘ l-’~nh an c emen t  of Point Source ‘I’hermal Radiation t ‘nder Clou ds in a No nat  -

tenuat in g Medium , E( ‘( )M 557,~, Octob er 1975
15. Norton . (‘olhiurn and ( lenn Hoida le . ‘‘The 1)iurnal \ ariat ion of Mixing Height h~’ Month

over Whi te  Sands Missile Range. N M ”  ECOM -5579 , Novem ber 1975 ,
16 . Avara . Elton P.. ‘‘On the  Spect rum Anal y s is  of Binary l ) a ta .’’ E(’OM 55~ i ) . Novem ber 197 - ’
17 . Taylor. Fredrick .J - - ‘I’homas H - Pries . and ( ‘hao -I-Iuan H uan g .  ‘‘Opt ini a l  \ \ i n d  \elocit v

Estimation ,’’ E( ‘( )M - 55~ 1 l)ecernher 1975 ,
18. Avara. Elton P .. ‘‘Some Ef fec t s  of Auto corre lated and ( ‘ ro ss-C,,rrelate d N , ’ise on the

Analy sis  of Variance , ’’ ECOM -55M2 . I)ece mber 1975 .
19. (; i l lesp ie . Pa t t i  S ., R L .  Armstrong.  and Kenneth  0, ~V h i i e . ‘‘The Spectral Chara cte r i s t ic s

and Atmosp heric (‘0 , Absorption of t he  Ho - VI .F ’ Laser at 2 . 0S~ m. ’’ ECOM-
55s:t I)ecemher 1975 .

20 N, ,~- lan .  1)avid .1 ,. ‘‘An Emp irical Ni et hod of I orecast ing ‘I ’hunderst I t rms  for  the W h i t e
Sands M i ssi le  Range , ’’ E( ‘OM -55~-l . F’ehruar y I 971h

2 1. Avara . Elton P . ‘‘Randomi z ation Effects  in Hvpot hesis ‘I ’ est ing w i t h  AuI , a -o r re la t t ’d
N ,, ise .” K ( ’OM -5585 . I”ebruar v 1976 .

22 , Wat kins . Wendell IL. ‘‘I mprovements  in Long Path Abs~rpt ion 
(‘elI Measurement , ’’

F( ‘( )M 5586 , March 1976
20 , Thomas, .J oe, George D. Alexander , and Marvin Dubbin , “SATFEL — An Arms ’ I)edicate d

Meteorological Telemetry System , ” ECOM .5587 , March 1976,
2 1 ,  Kennedy . Br uce W . and 1)elbert Rynu ni , “Arm y User Test Program for the R1 ) T&E -XM -75



‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “ -  ~~~~

25 f tu r ne t t , Kenn eth NI , . ‘A  1)escript ion of the  Arti l ler y Meteorological Comparisons at White
Sands Missile Range , October 1974 — 1)ecember 1974 (‘PASS ’ — Prototype
Ar t i l l e r y  I Meteorological I Subsy stem), ” ECOM -5589, April 1976.

Mi l le r . ~\‘a lt er  H .. ‘ ‘Pr e l imina r y  Analy si s  of Fa l l - o f - Shot  l’ roun Prot ect ‘PASS’ . ’’ E(’O\l-
5590, Apri l  1976.

27 , A v  u r i . El t , ’n P. , “Error Anal y sis  of M i n i m u m  lnformat ion and Smith’ s 1)irect Met hods for
Inve r t ing  t he  Radia t ive  ‘l’ rans f ’er Equation .’’ ECONI-5 59 1 , April 1976,

.~S \ ‘ee. \‘oung P . .J aun es 0. Horn , and George Alexander , “Synoptic Thermal Wind Calcula-
t ions from Radiosonde Observations Over the Southwestern United States . ’ ’

E( ’l.)M 5592 , May 1976,
29. 1)uncan . Louis I) . and Mary Ann Seagraves , “A pp lications of Emp irical Corrections to

N O A A - 4 V ’I ’PR Observations , ” ECOM- 5593 , Ma y 1976.
I t ) , \!it ’r~. Brut e ‘I ’ . and Steve Weaver, “A pp lications of Metero logica l Satellite Data to

Weathe ’r Sensitive Arm y O perations , ” ECOM- 5594 , Ma y 1976.
ml - Sharenow , Moses. “Redesign and Improvement of Balloon ML -566 , ” ECOM-5 595 . June

1976.
02,  Hansen, I”rank V .. “I ’he Dept h of the Surface Boundary Layer , ” E( ’OM-5596 . June 1976.

1:1 , I ’ i nnick . R. G . and E R ,  Stenmark . “Response Calculations for a Commercial Light-
Scatt e ring Aerosol Counter , ” EC OM- 5597 , ,Ju ly 1976.

m t .  \ l u” , ’n , .1 . and t O B . Hoida le , ‘‘\ ‘i sibilit v as an Estimator of’ Infrared Transmittance , ”
E(’ t)M- 559S . ‘Jul y 1976.

05 , Bruce. Rufus E .,  l. I’ Ii i~ I) . l)unt ’an , a nd ,Joseph I-I . Pier luissi . “Experimental Study of the
Relationship Between Radiosonde Temperatures and Radiomet n c-Area
‘I’emp erat u res , ’’ Et ’OM -5599 . August 1976.

0th l)uncan . Louis I ) .. “ Stratosphe r it ’ Wind Shear Computed from Satellite Thermal Sounder
Measurements . ” FX ’( JN1 - [i8 (Mt, Septem ber 1976.

07 I ’ uv lor . I” ., I’ . Niohan . P. .Josepb and ‘I’ . Prie s , “An All Digital Automated Wind
Measurement System , ” E( ‘OM -580 1 , September 1976.

OS , Hru ’e. ( ‘h ar les . ‘‘Development of ’ Spectrophones for CW and Pulsed Radiation Sources , ’’
E( ’( ) \l -5St)2, September 1976.

09. Duncan. Louis I) . and Mar y Ann Seagra ves , ‘‘An ,i ther Method for Estimating Clear Column
Radiances ,” E( ’OM -5800 . October 1976.

I t ) . Blanco. Abel .J . and Larry E. Travlor, ‘‘Artiller y Meteorological Analysis of Project Pass , ”
‘OM -580.1. October 1976.

41. Mi l ler . Walter  and Bernard Engehos . “A Mathemat ica l  Structure for Refinement of ’ Sound
Ranging Estimates . ” ECOM -5805, November. 1976.

12, Gille spie . ~James B. and Jam es I) . Li ndherg , “A Method to Obtain Diffuse Reflectance
Measurements from 1.0 to i t t  j~un Using a (‘arv 171 Spectrophotometer. ”
ECONI 5806, November 1976.

m ; ; . Ruh io . Roberto and Robert 0. Olsen , “A Study of the Effects of Temperature Variations (in
Radio ~\‘ave Absorption . ” E (’OM -5807 . November 1976.

4-I ,  Ballard . llar i ’ld N. ,  “Temperature Measurements in the Stratosp here from Balloon-Borne
In st ru men t Platforms , 19(18-1975. ’’ R( ’ONI -584 )8, December , 1976 .

IS , Nion a han . F I R . .  “Air A pproach to the Short- Ra nge Prediction of Early Morning Radiati on
Fog, ” E(’OM-5809 , ~I an u a r v 1977.

Oh Engeh ’s . Bernard Fran cis , ‘‘Introdu ction to Mult i p le State Multiple Action 1)e ’ision
‘Theory and I ts R elation to Mixing Structures , ” E C OM - 5810 . ,J anuar v 1977 ,

47. Low . Richard 1) 11. . Eff ’et ’ts of Cloud Partic les (in Remote Sensing from Space in the 10-
Micrometer I nf ’rar t ’d Rt ’gi’ n , E(’ O M- 581 I , J a nuar y 1977 .

IS . H, ‘liner . Ro be rt S . a nd H ,, Newton . ‘‘A pplication of the AN tON ’S - S Laser Ra nge finder to
(‘loud Base Height Nleasur ernent s. ’ E ( ’OM 5812 . Februar y 1977 ,



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

49. R ubio . Roberto , “Lidar Detection of Subvisib le Reentry Vehicle Erosive Atm osp heric
Material , ” E(’O M -5810 , March 1977,

S~ . Low , Richa rd 1) ,H. and ,J ,E ) . Horn , “Mesoscale Determination of (‘loud-Top Height :
Problems and Solutions , ” ECOM-58 14 . March 1977,



DI~ rkIl3u T lo~ LIST

l ’ a r i~I1nq f i t t l U )’)’ ij e f , T, :hnica l  ~- t - r V i ~ ’ eS Div
,I~ 1 f l i 1~~ 

,-‘ r ’~ t ’1d1 Oh ‘A rO - fl I (’l’ Sci -nue ’
A~~
’
~~: - A O f l A — T 5 - — S , ,r’ ’ i AI~ ’I: A - ’ O ’ UT l

‘‘o i t ’  -~[fl , IL 6 ???5

h, -
~ I~iii j r i m Off i rer  A i r  I r~~e C a r t r i d g e  Rs Ii Labs

1), i - r v  P 1 ,” o r ’ - ~ i1’0i ’,i~~0i’ Y ~JP : [CI (A. S. Car t e r ’ , Ir - . )
Li b ‘- ar v 1 1 ~r or -‘i ’ll

010 :‘ ‘, 5 ’1e r ‘D 11 Road :) tforcl , ~A 01731
Ad eiphi , ‘iS .‘IL’h3

0 ) ‘d r ’ - i ’  li t f 0 A~ ,- F ~‘ i ’ e
Lori iarr d,-’r lit -fl- ‘DO
US Arm y E lect ron ics  Courrand Fort t - lor i p - o , , VA 03651
4 T 7 N :  DRSEL-RD-D
Fort Mon rr outh , NJ ‘17703

Director
US Army Gal l i - t i c  R, ’~,,-ar - r h  Lab

Naval Surface W eapons Center SITS : DRXDR-AM
Code DT oh (Ms. Greel ey) Aber’deen Provi no O rour J , ML) 21005
Pahlqren , VA 22440

Geophysi :s Division
Air Force Weapons Laboratory Code 3250
ATTN: Technical Library (SIlL) Pacific Missile Test Center
Kirtl and AFB , NM 07117 Point MUg LI , CA 9304?

flirector National Center for’ Atirro s Res
I~S Am,y t a r  Waterways hxa’r Sta NCAR Librar y
ATTN: Library Pranch PU Box 3000
Vicks hur ”m , MS 0~)lfiit Boulder, CD 00303

Conirrander W i l l i a m  Peter-son
US Army Electronics Command Rese a rch Assoc ia t i on
ATTh: DRSEL-CT—O Utah State Universit y , USC 40
Fort rionriouth , iLl )7 741  Logan , (IT 34322

l’eteor’oloqi st in Charge
Kwaja lein Missile Range US Array Duqway Provin ~ GroundP0 Box 67 A~ Th: ‘IT-S
APO Duqway, UT 053.’.’
San Franci sco , CA 96555

Head, R-,c ’r a~ fle~,- I oprs’nt Di~’ (E~A- 131 )
Environ m ental Protection Agency ‘l,’teo roloq ical Department
Meteorology I aboratory N a v a l  LII a I tOr iS  I i~ ) 11, -e r - i  I ra - t pp or ’t  A t t
Research Trian gle Park , NC 2?’il Wa shington , DC , 3~~’-t

.---- —~~~~ —--~~~‘



Dir , I ,‘ i I, o rd Dcv i t o ’  I III
US Army El cc tro rt i v s  t o n i - l a i r ] US A n v  Cl , i . tron i cs Co rrirr and
A TI 0: DRCDE-R M IS :  DRSEI — U- l i , Dl d i  2700
5001 Eisenhower Avenue Fort Mor r i : i i ij t  Ii . 00 07 70 ,1
-T1~’srr:J ri a, VA 22304

Di i- , L. t t i r ’

Mar ’i ri , - Co’’i’~
, te v S Ldu L L i d  I’& ’v t ’ Iop rrlent (O-nter I1CDEC

0ev, 1 o i ’ i ’ : ~- r i t  1’ , - r r t t ’ r- ATTN : Fi i -epoi~ ‘r Div is ion
5110: Cr:d, Con tro l , ‘, l oom Div (C ) ? ,h tf l t  ~cO , VA - 0134
Qua ntico , VA ~~1, i4

Coirinria nder
Lor’i ’iander IS Army Provin g Ground
ic Army Electronics Command ATTN : Technical Library , Bldn 0100
ATTI4: DRSEL -WL— Dl Yurrki , ttZ 85364
F L irt 1lonr-:outh , NJ )7711 3

I’S A m y  Li aison O fice
Corrrrander ru I— L incoln Lab, 1, ii ’ - a rv A— tOO
US A l - I - v Missile Comand PD Box 73
ATTN : DRSMI-RFGA , B. ‘-I . Fowle r Lex ington, MA 02173
Reds tone Arsenal . AL 35809

Lihr’ ary- R— Sl—T ech Reports
Dir of Dcv S Engr Envi ronniental Research Labs
De fense Systems D iv 11DM
SITS : 5ARFA-DE-I’O R Boulder’ , CO 80302

F ’ , T an n e n b ~ um
Edgewood Arsenal , APG , MD 21010

Head , A t m o s p heric Research Sect ion
Nat i onal Science Foundation

Mr . Will jam A. h a m 1800 5. St ree t , N W
USD A Forest S,’rv ice Uash i nqton , DC 00551) , -
14 0 7 S. Harrison Road
E a ’t Lan~ in q, MI 4fiu 1,3

Corririra nde r
VS Arm y Missile Command

‘ a r t  I S:Irf,IcI’ Weapons C o t t e r  ATTN : DRSMI— RR
‘cbni ca l Libr ary anc~ I n f o r ma t i o n  Redstone Arsenal , AL ,i’O 0~

5,-i -vices Division
Whi ti ’ Oak , Silver Spring, ‘~ [) ‘1 1) 11)

Coririandant
I~S Army Fie ld Artille ry School

0r 5. 0. Belmont /\TTN: Met Divisio n
L’~~~~r j r ,  h njvjsj~ n Fort Sill , OK 73503
Pt) fl~~ 1 I i

Control Data Corp
nneapo l is, ‘iN - ‘440 1”~’teoro1 oqy LaboratoryAFCRL ‘LV

, r r r c c , w ,  AF t]
Bedford . MA 0 17 1 1

_ _ _ _  
_ _ _  - - - ~~ - -~ ~~_--—‘—~~~~~~~~



-- --~~- —

~~~~~

—,- -
‘--I ,

- ia ” der I ‘ , ‘

00 ~ i
- : ’ - - , n i l  1, -I ’m Topo’i I’apliic I at’ US ,)r ’ i i v  I~~c t  ‘ ii’: i rs

( c T I ’d ’ O  C E NT ER )  AT’1 ’:: - ‘R~ I t  - “- - T I
F ,,rt Beiv L’ in , VA ~~it i0  I a r t  ~~~~~~~~~~ , 1 U / ; i

~~ r’ ~~~~~ 
,l i ’ l l ’ l i T i  2, -

IS S i r - v “ l S S t  Ii’ l O l l i ldI ld OS Sr ”  v ilet I m e t r ics h il l - lt d

5~~
”’
~

- ll~ ’~’- u_ ~~~~~, Dlii ’ : : 7 7 ’ - t An’: - ‘1(~ fi~~— (~C—fl )
P,,j~ f 0 r i , -  Sr-i o r,al , AL T5ii ’F’t Fo rt “,v n’ , ’ u t  It , ‘ii (1770 ,1

Sir i ‘ ‘ L~~ ’ Av i~~’i ics  I aS Pr- . Robert Dur ’.’ r , I , rir, r

-5’ 7 ’~ AF S L ‘ I cR  Dir, The L it’ of  C l i r : , i t o ] o ’ iY

‘.I - r f l t - ’ ,it t e t s o n l  AFt], Ohio -15433 A ,’i.:i,rla ~t a t , ’ Univct ’~ i t v
T ‘na’’ , A Z R5 o:: I

i 0 :  :i art  do
US -I L i~ t i e r ,  i CS t O t  i,~id ad Coi:sta n den
-\ TT’ l :  ORS E L — V L — D  Headquart err- , I art uacIr u~ a

C a n ’t  ‘n ’ , ” a u t ’ , . ‘I, ’ 1~’7 i3 ATI II : Tech Ref Div
Fort IIuac hr-Ca , SO iiSt’ l 3

I oi’ it”an 2c r
LSAI CS Field SrI i I l, -nv I’ns ui t a r t s
ATT N : AT S I — C~ Il-- htS 1112 Beco a t nee Dr ive

l ’ t  - : i . i t  I , u c a ,  A,’ , :f i e l 3  ATTN: COL Bunt r n

1 , IWt I) t I . OK 7 ’ l t i

C ’ SR Cent,-r
B u t t a ~i ‘f  Dccl ,Ir’ ,It j a r inry ir:ar 1, r

ATT ’i : B Id’ :  a ’ . O c t ,  1 1 0  US ‘Sti”v ‘f i t ,  1 ear A - - n  v

fl,’nver . ( t i  - 1 , ’ , ATTN :~~~ TCA- 550
Build m l  10
F ort  B l i ss .  ‘ ‘ ‘ i t ’

HQDA (o - \ l ‘ -R D1-l ‘f i r. F , ’ fl e r c i n~
,- r n , s t i l Dl do

Sin S I r a t  ‘n , 01’ 21)31-1 li n t -I I or
St rnos~ ht’ni c Ulrvs i C’ . S Ifim ,’r’ Lat i
(‘ a K ’  11 , ‘1115,5

b,m’ nrn ,rnd, ’n De p a r t  - n t  t ’ t  ‘ n’n~ 
- o r ,  C

-S r ’  Force Weapons Laborato ry B ou lde r .  CO 11030.’
A 1T I 1 : Al I L
“ in lan d AFt ] .  SM i t’ l l!

f in  - ,1 ,,I mr ,  I - ‘ a ] , I l

i , ’i ’ ni - i , i t t d~’ r ’ - It ’ 55i 13

US An - i-nv “,, t~~l l it , - C onrnn Agc ‘t t V ,  Le e - i t t  h I at ’

‘~i P’1~ SC_ 1 I-i ,i _, i n in , l i ll t l , DC ,il ,i,’--

For’t, l- lon:’outh , h1- ) ’ 711 I 

~~~~~~~~~~~~~~~~~~ 

-

~~~~~ ~--~~~--~~~~~-~~ - -~~~~- ~~~- -_ _



- , ‘ ‘ n ’  a in ,I,—m ’ a t’ 1 m it t ,’ ,

I’S 5 - ’ - i - n U ‘,- ‘ - - ,
~~ r- ,’ t n, ,~,l ‘ I IV , I  I [ let  t a m i icr- I aN 1 - n t  t n

,A Tr ’i : :~o- 
1,-: t , ‘lr -I , r- I Uv -S 5: L ibr a i — v

F- ’ ’ ’ t  B liss , ~ 
‘ ) l ]5  S n  Dt o ’ ~ ’ , CA ‘‘:‘ lI:

lm ( n ’,’,’’ Or Sat anal Secui ’ it  ~‘tt ’ mi, ’~ ‘ i f  ~~, , As ~~ SO L A nmri y ( R50 1
AI T ’I : TU L (t ’ -l 3) - ‘- f  ‘ : Dep j u t -  Sc i e rr r ,- 5 Tech
Font ‘,e, ’p ’ie 0, ‘l, _ t I,’ , ‘F) ‘i tO ’ S l,

~
, :i , - f l _ , n - t ~s’nt of the At ’ r ’v

‘ 1 , 1 ’ — r : m n , ,  t a r t , DC 5) 0 0

1 55 1 : ~~~~~ ~, f i T  (Sto p ‘ .1- ’
-ST 7 ‘1 : 1, 1 .  P - - - - ,~ 

Di t~i ’’ t a r

~— ,c ’’, SF5 , IL 6 2 . 7 5  itS An- rv (Sa l l is t i c  Res ea t - rh Lab
S IT S: ) I I \ f lO— ,S M , Dr . F. E. Sties
-S l’ t ’ i d,’ , - r i  ‘ 1115 m g  Or a u nd , Mfl 21005

- \ t - n - : , I ’ -
~, ’ r i  t S’s ~‘ n- t - 1

-S DTC (~tI 051
Eol in ACt]. F 1~~nt d , t  1 ,-i ’ Car , r’am,OOI’

Fnan tk ’  c m i  -Sr - - , ’i~ 1
-‘ \ t I ’ ,: L ihra ’ ’ i , _ ‘i, ’~i , 512 - T’1 —2
Ph ila d ,’l p trtt , ‘A 101 37

US A - - s Gal list Ic Fis,’~ I at’-
A r f i :  ‘ i ) XF K- IF )
At ’ ,’ r l t - ,’ ml r - ~’v i nq  - ;‘ -cu nd,  ‘11’ 31005 ~i r e c r a r

US A ntry t i l i s t  i c i, S, ’d ’~ n I aS
AT 1’ S: flK\PL — \P~_ [  t]
Bldg tOP

J i va l W , -s ,n ~, m ’ , ‘ i L rt ’ an - ,t to r v flhc’rdeenr Pn -av m i ,  C r - a r - m i t , “ ~ 21 )~t~
I ode 0’,’ 7
S _ i— , h i - i  :t a’’ , ti— 20371t

Dir.  US N a v a l  L, ’ - ~, ’a mrS I a t ’
Cndt’ 5530

Coi, iriainden ’ I-lash i n t l  a r t . DC ‘ 03 7 5

Na val Ele ct r- n-s Cn-’d IIQ
f - i  a l - I

‘Wa sli t a i tt  t im . DC ‘ it ISO Cor’mtan i,-
O f f i c e  of Nav a l  Resea rch
Lade 4 60— li

The L i t m r a r v  at Ca n , ’ t t ’s ’. A rl ington,  ~S :‘o,’i
S f 7 5 :  I r - ch m an~~e ~ Gift Div
W a r - h r  nOt a r t , 00 ‘05411
o Cor:irr~ n den

Nava l W ,’ ,,t hl’r’ S , t s  110 Conrur ,and
C(~, (IS 1n~r :~ t o p i c  T e s t  Ct — t i ter  W , is h i i l g t Lt t )  ‘ la y s  la t a t
‘i t  1 5 ,  ST E C~ itLt ~ A (Tech Lib t ii di) ‘oil , C a t , - t iL l
500 N,-,~ Ya~’L r-5~, 7 I-l,t-~’ ti t i l t  a n , DC :o,r-

I. - -



T t - ch ’ - i , , t l ‘ ,‘ “ i t s ,’ ,, t r  I ~~i’~n ’ ,~ n ’ ~~t t ’ t  . ‘ ,,iva l ‘ - n ip ‘ -s-
flit , ’ I - - - ‘ ‘ - ‘ i i c a l  L it ’ t — a ’’ , H r  3 S — P G
Coa n i ‘ c , iS , t t ~ t t ’ s  ‘l i v  ‘~0-S -S 5- t ’ ional  15-r, ’ or i’ ,

‘ 1 1 - :  ‘ i S t  “ is Sin g t e ’ -  , PC l ii, ’
S i l ve r ~a>n ’ i’i ’ t ‘ ‘ ‘ ‘  ‘al iT

‘ or - i -  a rid~ at
The C’t s - i - -~’ - ’ s ’ n :al ‘ i tch Ins t i tu te  of ‘T I US ,-Si — i n,y S i ’ t na l  Sc ’ toe
- 5 7 7 ’ : :  IRIS iS’ ’ ,t r’ ,- ATT T ~: A T - S - L I
PU ‘ -. t-1 B For t Sat—don , -5 ,-S lOOn ’’’
A ’ S , , A- ’!’or , ‘‘1 —1 - I

h,~ ’ie Air , -,  ‘,- ,- l , i mt i ~ieiit L , ’ r i t n - n
Redstone S c , , - m i t i f r c  0 : t o  venter A TT’ I :  f , t t ,~~i ’ n’ f l t S L i L - - -ar-y
A~~ ’I: Ch ie t . [lOcji- ’,’ m : t i t  T I L L S  ( D e L t a  Sn ith)
US -\ r - n t v  ‘ T i s s u e Coamma nd h r ’ i f l i s s  A i r  i’ m,, ’  h i s , - , ‘0 1 : 3 :1 1
I-S 2- to n:e ,5rsen~ 1 , SI 3500’i

ISO/ DR I
Ca n - i l ’la nd,’ - - L~i mn sca r -i  Al Ii
L , l- , , ’y,i’ad ~Sm ’ n,’na i ‘1-5 Di 731

SA R EA—TS—L
-Si - , ’ - 2 ,- n 0-ui I nq ‘ - i’ ,,n - I , ‘1” .1010

2 Ui’t ’ i , i  fl ,i,’ n
F ra” ‘ ,nrd Ar ’  em ,, 1

S ’ , t v a m i i a  E lti Ss’n ,‘,,‘ - - , ‘t ’ ni D i v  ,STT ’ I :  3. ‘fr I  f n ic h  POST> l ’ r - - T
-STT’ I : T e c h n i c a l  i t ’por - ’  L i f - r a n s -  ‘hj L i -  ‘ l t ” i~ , P’S 1913 ”
P0 has 2- ’ t ’ i
‘‘ ‘ u n  t i n  \ n i fl4 ‘‘1.1 )4

S i ’ e c t  inn
P,’f ’ e m i s t ’  S o r 1,-ar - S i t , ’ ’ :
lT’ S: Tech Li St - l i — v

US - S r - v  Securi tv  ~S g - n ~ - ’ ‘ , , t n h ( m i i i f ,,’ ’ n , DC 20305
!~TT N: IA rTn_ OS
A r l i nq t a r  Hail Station
An i n,’ l t cn  , VA 2221 3 nepa nt~-:en of t he Air Forc-
3 i-SN OUt

Lan gley AFt]. VA 236th

Presi tie nit
US - S t i : v  F i e T  d Art il 1 en -y Board Cor ’iniani d>- r

Sill. OK 73503 US Anriiy h i - r n  le Comir iand
AT 7 N : iR5~!I —RER ( ‘ ii . llar,t~-t~ v)
Redstone Ars n’mi ,,l . AL ,3500’ i

‘ al it ’ , imi d a n t
US 4 m m  Field Artillery School
- S T ~5 :  ATSF — 4- . R CPT BLOT S -5 1 be t - s . [se : Sec
t t Sill , OK ‘3503 Intendept Cot ’t r i i t t eo on ‘S’ l ’ as Su ’i

Fed Counci l  t a r  Sri  - ‘- Tech
Nat ‘a r i a 1 Sc i Founi ‘ t i l l  ant

~~~ ‘ - :~ I ,i,’ ~~~ qn 5~ i S Tech Ci ’ ’ i t e r  I -J anhi na ta n , DC 20hI ’i>
V” ’ I : LS RXS T —IS I
23(1 t h  S t r e e t ,  NE
Charl a t  t t - sv i ll e , 015 ‘201) 1

_ _ _  - - ~~~~~~~~~~~~~~~~~ .



US - S m - ’ -, ‘ iesea i- cb 1ff ice In . Frarl k P. Eaton
ATTh : DRXR O - IP PU Flox 3038
Pt) f i , t~: 1221 1 I ln i ve rs it y  S ta t i on
Resean: ’i T niann 1e Park , SC ?7709 Lar - ,n~-0e , W yom ing 82071

ai ’ n ,- ’ ,t fl do’’ : lj nl r n’ Im : - len
US At - sm -i T’ -a ining -S Doctr ine Cnid US A ’ - ”-v -S i c  t i c  Test  Cent ,~,’
SITS: ATC ’3— S C A T T ’ I :  SI [AC- DP-- PL
F n t -t ‘0’ ’ - - ’ , 0A 236 51 APD ‘i’ iItt le ‘1it 73’i

‘- i n 1 As s i s tan t  for Envi ror ,t ’ne nta l Sc ience s - o: - - r - i n dc ’ r
OAD ( E -

‘ LS I , 30129 US I n- m y  [l~~i I non i Cs i ,, in - t r ’ i arm ’ t
The Pentagon 157 T’~: DRSEL-GS-H ( ‘
Washing ton , DC 20301 h o - t  1-hi , rn n ’ , t n - , t t  a , Nd 1( 77 ( 1 3

Coirtirander Comrt riander
Eus t is  D i rectorate  :JsA ~~5Cfi4
US Sr i’ Air Mobi l i ty  PP~D Lab ‘ S f7 ’ .: 5 1 0 1 5 - t i, ’ - 11
ST T N : Technical  Library i’ ir~ Leave nr- ’ i’ ” f  b , KS s - n ,
Fort Eust is , VA 236 04

t r -  iv ,~, ‘i~ nNat ional  I-leather Service US Ar T -, Test  >
~ F,,i i 1 nil

National Meteorological  Center ATT O ’ : DRSTE-FA
Wor ld  h eather Eli da — 5200 Soth Rd In: -r ’ d~ - - - r ’ , t r a y , ‘ ‘ G r o  ,, ‘ t , ‘“ 21 1 (1’ ,
ATT’ l : ‘t n  

~)uiroz
1-Ian ~n i ‘ m i l t o n , tiC ?fl ?3

Air  rni’ct’ ha il n i di’ - P- , ‘ I br-
ITT ’ ,’ : F K 1

Col ’ n n - i , I mi d er L. 5. ‘ ,l f l ’ , ( L ~I ’ Field
US A rrmiy Pd t en ci lornr - md rid ~~~~ r i , - ‘1, 11173’ )

fluiC Sf l - S S (‘ i r . Andrew )
Alexandria, ‘.15 0234

Di i’ecto r , “v - ,l’ t (f f l  ‘-

Federal Avi , t t ion , -5 m 1 , ” i t i j ’ . t m - t n j~,,,
Cai ’~i- ma rider ,5~ 7’ : : AR D —

Fr - anml ~ - ‘ rd  Arsenal “100 S1~i .Oi (r 1 S t r ’ n’ i ’  I •
ATT N: SARF A —FCD-O , Bldg 201-2 I-iash i n t t m v n ri , DC 2 I ’ ’hl
Onidge Tarcony Sts
Psi la de lp hia , PA 191 37

USA FETA C /C B (“nip 825)
L drtt -ICC

[ in t o Pt i’t~nh ir ’mt . Professor IL ( O ’ ’ 2 L
- n i h  r - n r-~~,~ L n i v i - r s i t , : ‘flC 40
Loqa r , ’ ’ T -l l, 2

Di ri’s t o ”

Chief , Aerospac e Er ivi i- arm Div n , SA I - ,it, ’r:-,’ ,I s’ ’, [,., I n t - n in ’ i t - nt S t a t i c ’ :
Code [S41 A T J I T : L i b r a r y

PD m x  1 ,31
• ‘- i ’ ’ ’ - ha i l  Space Fl ight  ( ‘‘‘n ’ ’ ’ n - ,5[ l’ , : O ’  ,‘j~ k’ ,5 :ji ’ ,~, ‘1’- - ~O lOfl

— , - - -—--—- -- --- — — - -  ---- - - ———- -—-- ~~~ - - —



Pefense Docurtientation Center
-SI TS : DDC-TCA
Cameron S ta t i on  (BLDG 5)
Alexandr ia,  Virg in ia 2231 4
12

Corr mrander
LIS Army Electronics Comand
ATT N: DRSEL-CT-S
Fort Monmmiouth , NJ 07703

Coriimander
Hollo man A i r Force Base
6585 T B/ WE
Hol lo rnan AFB , TI M 88330

Commandant
USAFAS
ATT T : ATSF-CD-l-1T (Mr. Farmer)
Fort Sill, OK 73503
2

Cor’miandant
‘SAFA S

S” ”°I: ATSF~ Cí1~ C (Mn, Shel ton)
r - i n r t  S i l l ,  OK 73503

r - - -
~ ~~~~ di- ~US Army Elect ron ics Command

4 7 1 ’ S :  DRSEL-CT-S (Dr . Swin g le)
Fort t lo n i i ’ mou th , NJ 07703
3

* U S -5 - ’ t”,Mt - PRiNTI NG Ot “in;~ >977— 77-022  15

_ _ _ _ _  -~~~~~~~~ ---~~~~ -~~~~~~ _ _ _


