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situalion and discuss potential ap-
pfication inprovenenls in support of
both vave and lhernal soaring.

Polar 0rbiter Irnage Data Applications

The current lTos satelfite,
N0nA-2, is in a quasi-polai orbit;
equato! crossings occu" at 8:50 AM

(southbouad) and 8:50 PM (norlhboubd)
focal sun tnne. Unfike oarlier llssA
.6ate111tes, N0M-2 has no vidicon
cameras. Rather, the piinary inaSlng
sensor contains visual and lofrared(IR) detectors thai receive energJ
by "eanE oI a rdotor-lrjven scanling
m;rror ckeepin6 the earth scere at
right angles to the flight path 48tines per ninute. Spatial resoLution
for thi6 Scanning Radioneter (SR) is
t',,/o !ri"1e6 in the IR channel and about
one nile in the visuaf channel. I-arge
scafe colrluter facilities are u6ed to
lrocess this 8Iobaf SR inage data.
This seven day per {.eek, round the
cfock opcra-jon lroduces a variety of
ouLput6 (5). The basic resolution of
this inagery i6 reflected in figures
1 and 2. Here the rav data have been
adjusted to an alproxihate equal- area
displal and the response range ha6
been rrtunedrr to the range oi the dis-
play device.
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1N]RODUCTION

Con6iderabfe ,/ork has been done
In the applicatlon ol satellile cfoud
pictures to soarug. clouds indicat-
ing thc presence of mountain $aves
have rcceived particular attentlon(1,2,1,4). A ride variety of convec-
tive cfoud patterns are, of course,
also revcaled. Nov, with the Inpro-
ved TIROS operat ional Satellites
(lTOs) and the upconing nev geosta-
tionary sateflites, there is reason
to expect siSnificant advancer,rentE in
the u6e of satelfite data in fore-
casts for €oarin8. Sensors aboard
these ne$ slacecraft are providing
nore rrloo(srr por day Ln an :r creacin-
varlety of spectral channels. Better
spatial resolutlon and better re€pcn€e
ranSe a-re providing inlroved views of
cloud sLrucLurec thaL affecL soarinS
weaLher. SLmultaneou6 views in visi-
bLe and infrared channefs are provid-
ing J-dinensional insighl inlo these
structures. And fina11y, such sen-
sors on new Seostationary sateLlites
vilI lrovide alnost contlnuous infor-
nation on short-terln cloud changes.
Usin8 recent s.rnrples of cloud photo-
graths, rve would aike to revieu the
oper'ationaf envlronmental salelfite
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the N0AA-2 Scannjng Radiometer (5R) near1973. Earth 'locater lines and Iabels are
the digiial sanples are geometrically
equal area projecti on,

Vi sual channel inage from
9Al{ local t:me on May 2l ,
implanted ir, the image as
altered to an approximate

FIGURE I
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FIGURE 2. lnfrared view obtained from the NoAA-2 sR near 9PM local time on
May 22, 1973.
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A sini-ar" ./'cY .ign R":olulior
Radiofteter (Vi{RR) €canning at 400 rpn
nrovides IR and visual ina.ge data at
iialf rnile resoful,ion. VHRR and sR
data are avaifabte bJ direct roadout
to anyone having suitable receiving
alla iinaee recordlng equiprnent (6)
while globa.l sR data are also avaif-
aor- t'o. con raf proce s:n;. l'.
eirn(r co or or e daY oo"ai Lr ree

oav -- oirc;oent rd sna
v -. uaL rrarol "a' 9tAa All €,lo IR
j0are near-9:OO Pt'I. lhe qLes-ion
arlies -- how can three looks per daJ
vr'ith better sensors inprove ihe lore-
ca6t of soaring conditions?

f-rJ e sorr:n - v'ning orbit
oro.ice. :io,ai+t'rr L;cLi., adval1-
iaae. 'ijav e clouds were easify detec-
ted in eartier J:oo PM vidicon lhoto_
graphs as shoJrn, for exanpfe' in the
o c ..e ol -1' qppar|ilans oo!1inbd
i.oh jSSA-S on te-rLdr. 2-, -o7,1

(fisure f). Tn this renarkable exarn-
Df€ (l), wave conditions rrere exlen-
;ive and persisteni. 0n this weekend,
soaring piLots were out in force and

--snl icar' \',a/" "-1c1 .- !!ar maln
o.E" "umo"r-ano 

a1 Freoeric'' l'4acJ-
land. anll al Wamenlon and Lexington,
Vireinia. On Saiur{iay l1i6hl6
reach€o I .OO0 I"^r -nl on SLnda/ soc'
r.ac -., t7;ooo te. .. ln ren.rcI,
..x-a\c.. vrar- co,]d:-:on. are l'ss
-.1 {icvelopco -o mioatLe'noo c -ouo

,i.1.1ss "ri 1o a,ta,,s 6000 i'1 r:ca-
iors of wave soarinA conditions the
Iolloui:1r: no_nir -. Iov/, r,itl' ]P

'rr.e-, on' 'DrJ o'l'cl'
r oi morr i n; ano evLn-nP ( fll"ure ).
r,','ith such infornation avail-able,
pla -nA "a) o'oon' ln l.a ev6lino'
-no in- -or.:ng P:fo_ ca1 th'l Er' -
pare lor a lovt lnlo ihe wave at sun-

In a f95B siudY of nanY satef-
Lite clouC plctures, Lindsay (4)
neasured vavelengthE in lee {ave
or.rern. . ar o tne oovrrxind 'v..nl oI
iL.rcn o-t"iefl.. ne stror aLso'rd:-
c:1tea 0roLnta:nor_ lelio,ls -nal ld-
vored wave cloud lornation and indi-
cated the areas of relalivelJ Inore
freouent occurrence over the Aplafa-
chians. V/-!n \aIl tr-" r'-oluLion
oatd. srcn as 'r' --o n 1 l--'lr" l"
r-tu;e €- ro-e6 ol "av' c loLcis ca'l o'
carried out wlth Sreater ease and
.recision. Trends in vave cLoud de_
ietoprnenl in these favored regions

nay be observed Dxore easily by Ideans
of both norning and evening salefllle
iflagprJ. T,xalve aourlJ changes in
weather patterns have long been em_
ployed as forecast tools, 60 lt ap-
pears likely that knovlledge of trends
in uave c-Loud oevelop.1enls over sLn'-
far rreriodE nlll1 also prove lrseful.
In su!r, the norning-evening orbit
seens to offer two advantages: the
convenience of prepaxinS for earfy
norning operations with rlore recent
in,torrar:on and 1l'€ sdvaaLage oI
Ehorter tern irend i"nfornation fron
the roorning-evening IR lnagery.

In addition to indicating trendE
in wave cloud developnents, IR image
data offer the fasclnating po66ibifity
that they can be used to indlcate
thernaf convec Live soaring conditions,
Using the colncident IR and visuaf
iinages eases sone of the burden of
precise feature identification and
earth location. However, the extrac-
tion of inforroation on local surface
healing contrasts relreoents lhe real
paJoll 'n sJoport o' ,nermal 6oarj 19.
The hiAher resolution VHRR IR data
appear"^ .o of e_ parL cufar p_omi6e
for lhis purpose. In this connection,
one must take fuff advantage ol the
inshunent ts response range!

FIGIIRE 3. Appalachian IJave clouds as
seen by the E55A-9 vidicon camera near
3P14 on February 2l , 1914.
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Infrared view of Appalachian wave clouds obtained
Very N'igh Resolution Radiomerer TVHRR) near 9p14 on

from the N0AA-2
lilarch 12, 1973

FI GURE 4.
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The response range of the VIIRR

€canner extends considerably beyond
the lractical displav range of a good
Dhot; recordef. This can readily be
ieroonstrated by further treatnxent of
an lrdage Bector vith redlrced scene
resnonXe. ror exanpfet the March 28'
19?; vi6u€-l channel view of the south-
we6t shovn in fiAure 5 vas Prepared
with reduced scene response. The

scene encfosed in the rectalrgfe of
li6ure, ^onLa-.Ln a substantiaf
Texas-Nery Mexico sector that is essen-
tlally cfoud free. Ilgure 6 wae pro-
auced oJ slreadinA Ll a full blacd-
white dis}rlay ra.nge of the photo re-
corder over the reduced response for
thi6 sector. Natural land leatures
are nore easily identified.

This half nrile resolution visual channel
po"rion of (.e lriLed 5-dte\ wds ob.di"ed
ResolLLio'r Rdo onete. (Vl-PR) .ledr B:a0Af
The region covered extends from Salt Ldke
the west and from 14id-Kansas to the lower
eastern edge.

image of the south-\,restern
fron the N0AA-2 Very High

local time on l4arch 28, 1973.
to the Cal i forni a Gul f i n

Rio Grande alorg the

FIGURE 5.
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FIGURE 6. l,,test Texas--New l'4exico enhanced version of inset area from Fig. 5.

once the viEuaf channel inage h6
been ueed fir6t to Befect a cfoud-
free Eituation and thenj throuah en-
hancement, to locale the area of in-
terest through trlandnark navigationt',
the coincident infrared iBage 6cene
can be used to locale cluas ro pos-
sible soaring condiL:on6, Figure 7i6 the conpanion IR image to fi8ure 6,
Here an enhancexaent siltril,ar to that

used to produce fieure 6, wa6 clone to
emphasize varialions in the thernal
pattern. In terr06 of xelative radia-
tive tenperatures, bright features
represent cool terrain (aDd c1oud6)
and dark features lvarm terrain. In
tern6 of, refallve radiative terdpera-
tures, lirithout referring to the dayrs
,xeather situation, one can ir0rrediale-
1y see routee likely to be favorable



TECHNICAL SOARTNG, VOL. I]I, NO. 2

FIGURE 7. Enhanced Infrared VHRR companion to Fig.6.

for cross country flights. For exar!-ple, on the flight .oute fron ?re6tdioto White Sand6, the IR illaAe Ehonrsr{arDx Etreetsr that inply convective
suplort. And to the southeast of
Presidio there aplear to be several
posEible route6 with convective sup-port for local ttout-and-return fflghts.

Although one night expect many
sitdfaritles over the sane cloud-free

area on anothei daY, there nay well
be differences reflecting subtle
chan8es in wind or thernal stability,
or relal-Lng Lo paaL ralnfaIl. Fjg-
ures B and 9 are the visual e]Id IR
views of approxinate]y th€ sane alea
sho]lln in figures 6 and 7, but foi
A!ri1 12, 197J.

;lt
l,s.tti
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Enhanc€d vi sual
proxi mate I y the

channel VHIIR image
sarne area as 5ho!,Jn

obtajned on April 12, 1973 in ap-
in Figs. 6 and 7.

FIGURE 8.
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FIGURE 9. Enhanced Infrared VHRR co panr'on to Fiq.8.

l!



In figure 8 rre 6ee far-le6€
cloud cover than in figure b; here a
oiff..ent wind flo$I regine is indi_
.areo bv Lne ahj,tt in cloJdiness over
i." s".i*enro Mourtairs eaEL of Vihiit
Sanos. ln coflParlnE fjgures 7 and ^
on. s"-s many;imllar f"sLures such

". r tr-. *u.r Jlreel6 b'tw'en Pre6id io

"no vltrit. Sands a.nd the relatively
cooler features such as the saft
flats southwe€t of Ef Paso. One

noteworthv di.lleronce i6 tne apparen'
sh: lr -n tne rela-jvely v,arJner .rr-
i"ce tron Nhe Presldio area in figure
7 Lo an area soLtq oI Pine SPrLrg^ Jn
iiedre s. close sruo) of 6uch lif-
terence prooaoiv qlj iI reveal Lne in-
rluence 6f pasl cloud cover or the
effect of siovers. In general, this
neu inlormation on ther!0a1 patterns
in cfoud-free reglons provides an en_
tirely new area for investigation'

Verti cal Thermal Structure

Tn addition to the IR instxunenla
that provide inproved inage data,
NoM-2 also ca.rries a new indirect
sounding lnstrument that provides
roLLine ooservaLions oI Lhe almos-
pnererb thermot structure (7). fl e
;ulti-channel radiance rneasurenents
madc by tnis Vertica- Temperalure Pco-
file R;oioneter (JTPd) 6hou prooise
of rellacing radiosonde stations'
particularfy in remote areas vhere
Bround based slations are costlY.
Since these indirect soundings are
inherently less detaifed for the
lover layere of the almospheret
Lneir uL:liiy in forecasLc for soaring
has yet ro oe evarJaced. w-th prop'r
develoFdenta-t ellorl , -it appearE
LikclJ- Lhat VTPR JaLa corld D' use.rul,
parricdlarly in arar.i wjth so.lrse
radrosonde netq/orKs.

The 0ngoi ng Polar 0rbi ter Progran

The IT0S sateUite series !.i1f
continue in operation lvith periodic
launches Lo rep.Lace olo spacecraft
and to assure ionlinuous operationaf
capaoifr Ly. ^nc nex- spacecrafL lsi1l
o-. launched D'Iore Lne erd of 147J.
Although di6placeo .:oo'wnal f"om
N0AA-2. ;!s orbit vriIl r"larn lhe
9:OO AM - o:OO PM equalor crossinS6.
There is a Dossib-LUt, that some

TLCHNICAL SOARING, VOL. TTI, NO. 2

follor/u-on IT0S spacecraft will be
launched in j;:oo nH - ,:0O PM orbits.
Shoufd thi6 occur, there niSht then
be olportunity lor vie,{ing convective
cloLa pal (erns ano dry tleroal pat-
terns at the tine of maxintum after-
noon heating. Such infornation ]rlollld
augnent current info]'n0ation and would
provide the source for a |tclinatologyrt
of soaring condj-tlons incfuding those
over sparsely settled regions.

Planning i6 currently under way
for a fate l970rs folfo,al-on space-
craft vith inproved sensors and an
all-diAltal information relay syster,l
for more reliable and stable perfor-
narlce. Present projections include
an advanced Vi{RR scanner vilh nore
€pectral channelg and conbining the
attributes of the lresent SR and \rHRR
sensors. 0f particular interest will
be a x,ater vapor channel whtch vilf
provide infornation on patterns of
iloist and dry tongrres. In cfoud-free
areas, Lucn inagery ral provjde fur-
tner clu-.s -o convecLion: Lhis i"
tJrn wil-L be rse-tul lor iocating
where subsequent cloud fornation toa,v
take pface.

Data From Geostationary Satell i tes

si nce laLe 1966, NAsar6 Aovanccd
''echnolog, SaLe I Ii 1.6 (A'S) nave pro-
vided pictures of the full earlh disk
aL aoout tv,o-n:-e resolJrion. Pic-
lures such as that shown in figure fO
can be obtained at half-hour intervafs
as the visual channef telescope si/ecps
the earth. Using clouda as tracer6,
these repeated viervs are providlng the
nreans for obtalning wind astlnates
(R,9). Time-lapse no,/io looDs al60
ara rou tlne lv co_strucLed .lroE I hese
pictures; froro these valuable infoxnxa-
tion on diurnal change6 aid three-
dimengionaf flov mechanisnxs can be

obtained (10).

A new series of Geostationary
0pera Lio'ra I IlrvironlnentrL SaL'11jles
(GonS) v,ill be launched; the fi-rst
is planned lor earfy in 1974. NAsArs
SJnchronous ),leLcorofogical larel l ilc
(S}1S-A ) w-]-L be 1ne JirsL in Lh:Ls
series. Again the trend is for nore
viewing channels. Visual data vi]f
be provided at haff-mile resolution
al]d IR data will be provlded at

tl
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about 
'-nifc 

resolulion. These
6pacecraft nill provide essentiafly
continuouE lri viercing of fixed earth
rbgions. In cloud-free areas the IR
data will perrnlt tracing the surface
temperature thror"tgh it6 diurnal
c)cl-. An,, h-ou-n sl.ccs. iv o:_-
tures reflecting the dynarnic scene,
il should be !o66ibfe to delect any
intrusion of convcction-darping
cirru6 clouds.

CONTLUS]ONS

I'r'eather €alellites have progres-
€ed rlrell beyond the experildenlaf
- ag-, and vr'Ln lne jmprovea-nls in
sensors, the diver6ity ot appfica-
tions into oceano€raphy, hydrology
ard otner arer: -s stcaoily wioenrrg.
tith the e6tablishment of several
field service stations' the inpacl of
sa .rfit- oala wil- cont'nu. ro ln-

In the lrivate sector, an in-
creasing variety of irrage pxoducts
vifl be available through dlrecl
readoul of pofar orbitex data,
through connection ol qualily photo
recorders to Sround conmunicaiions
systeixs, and through acqulGition of
i&age data relayed via geo6lationary
satellitc6. Apart froro direct
inxagerJ, a cub€iantial inlrovenxent to
conp- 6r Iacil ) _i Ps :- unJer c,aJ;
these facif:Lties ]IliU contribute lo-
ward lhe generation of nore limely
derived-i&age products for tactical,
neaf -real-lime application.

Tne inreor. ot t. e forFgo:1€" i6
to indicate potenLial. The avail-
ability of satelfite dala for direct
use at soaring events ie recogrized
as a resource requlrement. VJith the
current trend tortlard aulomated nass
production of National !leather Ser-
vLce loroc1.t.: lor iL-ln6 6uch as
maxirxunr temperatures for citieg, per-
ha!6 sone form of specialized fore-
cast of soaring conditions rdight be
considered. Afternatlvely, we nay be
presenting a chaflenge to the private
sector. A di8itafly orienled nodern
APT Iacr LrLy oignL proviqe LnF ba6's
fo- a .rarieLy o" spe.jalizeo sF_v-ce6.
ljlave clouds and evidence ol convec-
iive actlvity are of interest to a
wlde variely of aviatlon and olrher
ac :vi'i-s. S.!po_- Iol- soar''g
activities, therefore, nxiSht be
linked to a more g€neralized supporl:
for the broad spectrutr ol private
flying. The infornation is conin8,
ard there appears io be a real
chalfenge in providing a means for
it€ expfoitation for soaring.

F I GURE ]

Ju ne I9,
NASA'S
-3 on

Plans for the GonS sysLem call
for a txro-spacecrafi U. s. operalion
bv lar frl,, i,\ rool oI thc ll'.t-
".. t'..rsnnere rnoer a lmos. .ons an
surveillanco. IL no{' aplears likefy
.naL. _n 1n^ Ia c s-!enir.., oLhec
daL ols v,il. corLriorle aqu: ional
aeo6tatlonary spacecralt to contplete
6overaee at afl lon8itudes.

Allhough wideband Sround facil_
iLFr probaolY llJi-t .on_ in,e _o b'
n'eh ;os. iLems, suoELa' r;11 idagF
iniornar lon +'i1 oe rebroaaca.- lor
receipt by relatively inexpensive
nutomitic" picture Transmie;ion (APT)
jround .laci -iL-es. P'rrooic APl'
lnlo.maL-on No-'s are ava'-Lao-e -tor
those iniere6ted in direct readout
facilities (f1). such lield APT
stations olfer a potential source for
ne.r day and night inage data in sup-
port of forecasts for soaring.

Hemisphere obtai ned
Technol ogy Satel I i
1972.

te ATS
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