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The International Meteorological Satellite Workshop, November 13-22, 1961, 
presented the results of the meteorological satellite program of the United States and 
the possibilities for the future, so that- 

0 The weather services of other nations may acquire a working knowledge of 
meteorological satellite data for assistance in their future analysis programs 
both in research and in daily synoptic application and guidance in their 
national observational support efforts. 

0 The world meteorological community may become more familiar with the 
TIROS program. 

0 The present activity may be put in proper perspective relative to future 
operational programs. 
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AGENDA 

NOVEMBER 13, 14 : TECHNICAL SESSION 

NOVEMRER 15, 16 : FIELD TRIPS 
(u) NASA Goddard Space Flight Center, Greenbelt, Md., and Anacostia, 

D.C. 
( b )  NASA W ~ l l o p s  Station, Va. 
(e )  USWB Meteorological Satellite L:lbortltory and National Meteorolog- 

ical Center, Suitland, Md. 

NOVEMBER 17, 20, 21 : TABORATORY SmSIoN-Exercises On Coorclinate Analysis, 
Picture Rectification, Interpretation of Picture Data, and TJse of Radiation 
Data. 

NOVEMBER 22 : INFORMAL ~ h S G U 8 R I O N  

( a )  Presentation of Observtitional Support Efforts by Foreign Partici- 

( b )  Arranged I)isc.ussions With NASA find IJSWJ3 Specialists. 
pants 
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1. STATEMENT OF JAMES E. WEBB 
Administrator, National Aeronautics and Space Adm.inistration 

It is t~ plensure to welcome you liere todt~y 
on belplf of the Nationnl Aeroniiutics ilnd 
Space Adniinistrntion, tlie civiliiin t ipicy of 
tlie TTnited St ntes wliicli is clit\i-ged with tlie 
responsibility for space resetircli, explortit ion, 
mid for prncticnl npplicntions. 

We tire liappy to have this opportunity to 
shnre with you the worlc we nre doing jointly 
with tlie U.S. Wetither 13ureau in tlie field of 
meteorology nnd to receive your suggestions tis 
to w i y s  and nietuis through wliich we ciin ti11 
benefit from future cooperative efforts. 

The presence liere of representtit ives f roin 
more tlmn 80 countries is evidence of the strong 
interest everywhere in tlie world of the prnc- 
tical benefits wliicli d l  ni i t  ions niny ~ i o w  con- 
fidently expect to gtiin from brondly btised 
efforts to tipply siitellites to weiitlier research 
tind to forecnsting. 

I n  addition to welcoming the ivpresentat ives 
from the ntitionnl weather services, I would like 
to welcome those who represent, tlie orgimizn- 
tions wliidi Iiiive endorsed this Meteorologicti1 
Workshop : The World Meteorologictil Orgtini- 
zittion, tlie In1 ernationnl Union of Geodesy iind 
Geophysics, the In1 ernat ionnl Coinmi t tee on 
Space Resenidi, tlie Intemntional Civil Avin- 
tion Organization, the lJ.S. Nntionitl Academy 
of Sciences, ant1 tlie Americnn Metfiorologicnl 
Society. 

The Ntttionnl Aeronciutics nnd Spice Admin- 
istration litis joined with tlie 7J.S. Weather 
1 3 u i w i  to invite yoii here Iwtuise we tire 
c,onvinced tlitit, the t eclinology of niet~orolog- 
icnl satellites is nearing the pointJ w1iei.e it cttn 
be applied globally for prwtical research and 
for operiithinl forectisting. Moreover, the 
TIIIOR experimental series of weather stitellites 
will be replnceci in tibout, i t  yew by the inoiv 
useful and inore nenrly openitiontd Nimbus se- 
ries. The Nimbus satellites, for instance, will 

be focused on the earth at  all times from polar 
orbits. We liope iind expect, tliitt it  will then 
become possible within IL reasonable time for 
every country which is pi.epai.ed to do so to re- 
ceive inforinnt ion directly from these sittellitis. 

I need not amphitsize the value of such in- 
formation for it will ofkr to nll nations for tlie 
first, time iui iinmediate ttnd compidiensive 
view of tlie total cloud cover piitteni in its own 
and in neighboring geographic aiws. With 
such II prospect in view, nnd consistant, with our 
national spnce policy, we believe that tlie tech- 
nology, the processes, and the operittioiial tecli- 
niques we have developed for use of such 
information should be mnde avniln’ble to the 
world’s weatlier services at  tlie enrliest possible 
time. 

We are happy indeed tlint so many of you i t r e  

liere for this purpose and we hope you will give 
us your siiggest ions tis to liow iniprovements 
can be made. 

This Workshop is but one instaiice, one ex- 
ample, of the prnctical benefits which flow from 
the U.S. policy to slitire with other nations the 
scient i tic nnd teclinicnl knowledge we g h  fiwm 
our space program nnd to obtnin fiwm them the 
knowledge they hitve ncquiivd in this field. 

The siiine kind of fnctunl and higlily detailed 
present tit ions ~ind discussions which will be 
given during this Workshop are orpinized tils0 
foi. t lioscs intwcstcd i i i  oiir otlier progrnnis. 
This wtis true of t lw inforinntion gwiircd from 
t lie su1)orl)it til spice flights of -1st roiiniits ,1ltln 
Shepnrd mid Virgil Grissom, and it, is tiwe in 
connec*tion wi th  our prepnmtory nctivit,ias for 
sxperiments with communicntions sthllites 
where joint working groups, incloding n nuin- 
ber of interested nntions, permit IL full nnd early 
slitiring of plans niid inforniatkm. Tho United 
St i i t~s  litis recognized from tlie beginning the 
interests of otlier nntions in space mid tlie 0x- 
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tensive benefits to be gained by all from inter- 
national cooperation. Our scientific experi- 
ments have been described in great detail in the 
literature and reported to the world scientific 
community in ways that .are traditional with 
scientists. 

I n  President Kennedy’s first State of the 
Union address, just 10 days after he took office, 
he stated that our intention as a nation is to 
explore all areas of international cooperation 
or, in his words, “to invoke the wonders of 
science instead of its terrors.’’ More recently 
the President has invited all nations to join 
with us in developing not only a weather pre- 

diction program but, also a communications 
satellite program and in carrying out the mul- 
titude of experiments which are clearly neces- 
sary if mankind is to probe space most 
effectively and benefit from an expanding 
knowledge of near space, tllie moon, and the 
distant planets. 

For  all these reasons I am most happy to 
welcome you to this International Meteorologi- 
cal Satellite Workshop through which, working 
together, we dedicate our effort,s to an early 
realization of the use of space for practical and 
peaceful benefits for all mankind whose activi- 
ties everywhere are so dependent on wenther. 

4 



2. STATEMENT OF HARRY WEXLER 
Director of Research, US. Department of Commerce, Weather Bureau 

On behalf of the U.S. Delxwtment of Coni- 
merce, Weather Bureau, I greet colleitgues and 
guests from so many different countries and 
organizations. 

Miiny of you have tritveled great distnnces lo  
be here, and we greatly t~ppreciute the time, 
effort, and sacrifice from your duties that this 
entails. We hope that you will be amply re- 
paid not only by the scientific experience tliiLt 
this Workshop affords, but d s o  by tlie oppor- 
tunity to meet tind t d k  with colleitgues from 
other countries. 

For the first time meteorologists have an ob- 
serving device which, like the citmosphere, is 
globnl in extent, This device, tlie meteorolog- 
ical satellite, is tlie nntural evolution of, first, 
what 1111 observer C R ~  see from horizon to ho- 
rizon mid, sec~nd, wlirtt, a ixd t~r  C I L ~  “see” 
over II larger nren tuid through intervening 
diwkness, cloud, or haze. 

Meteorologists traditionally have pieced to- 
gether visual observntions and those from in- 
struments and radar to construct synoptic 
charts over large areas the size of a continent 
nnd, more recently, the size of IL hemisphere. 
In so doing, meteorologists have had to inter- 
polate and extrapolate over areas where obser- 
vations are sparse or missing, particularly 
over oceans and other uninhabited areas. 

The earth-orbiting satellite, by its iLbilit,y 
to photograph the cloud cover and ineusure the 
outgoing radiation patterns, takes ndvantnge 
of the synthesis of observations that Nature 
herself has already performed in arranging 
clouds and airmasses in certain orderly pst- 
terns, large and smi~ll, which meteorologists can 
interpret in terms of storms, fronts, and other 
atmospheric entities, 

It is in the depicting of these natural weather 
maps that the earth-orbiting satellites have 
made their first contribution to meteorology by 

tmisting synoptic aniilysis and weather predic- 
tion. Notice I said “first, contribution,” be- 
cause the operational and research exploitation 
of these new vehicles has just  begun and their 
communications potential is still untapped. 

The gretitest impact of satellite datii will 
undoubtedly be felt in the Southern Henii- 
sphere, 80 percent covered by oceans, from 
which observational inf ormiition is sparse, and 
also in the tropics, where cloud patterns may 
well become the principd working tools of 
meteorologists in tin niaii where the sharp 
synoptic patterns of fronts, cyclones, and anti- 
cyclones of high latitudes are generally not 
found. However, even outside the tropics, 
satellites can depict overnll pntteriis nnd details 
not discernible by even the densest networks; 
sntellites will also contribute to studies involv- 
ing regionid niid global energy budgets and 
trimsports. 

Such IL glob~~l-obser\iiag devive should bind 
even closer the meteorologists of tlie world, who 
for over 11 century have held meetings to fiicili- 
twte the excliiuige of observing techniques tilid 
wenther observtbtions iimong the various 
niit ions. 

I n  1878 these nieetings, \vhicli begtin ats ewly 
11s 1853, were foriiitdized by tlie estt~blishment1 
of the Int erniitiond Meteorological Orgnnizft- 
tion which existed until 10fi0, when it wits trims- 
formed into the World Meteorologiciil Orpnni- 
ztition under the United Nntions. 

1)r. Iieic~lielderfer, (’hief of the 1T.S. M’entlier 
Hurei~u iiiid the first president of the World 
Meteorologici~l Orgtinizut ion, rt3grets very nnicli 
tliitt lie is not in Wiwliington today to greet you 
personnlly, mid he wked 1110 to  ronvey his greet- 
ings t ~ n d  best wishes to you. I \vould like, dso, 
to extend nnother greeting, from Professor 
Viiii (10 Hulst, of the Netherlands, president of 
the Committee on Sipwe Resenrch (COSPAR) , 
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established by the I~iternational Council of 
Scientific Unions. 

COSPAR, whose representative I have the 
honor to be at this Workshop, was organized 
3 yeurs ago to provide continuity in rocket and 
satellite activities arising as a result of the 
International Geophysic:d Year. I t  has had 
two very successful symposia 011 space science, 
one in 1960 and one in 1961, and will hive A 
third symposium in late April and e:rrly May 

of 1962 in Washington. Associated with this 
symposium will be a 3-day meeting on meteor- 
ological rockets and satellites, and I hope that, 
all of you will come again to Washington next 
spring to attend these meetings. 

To the greetings of Ih. Reichelderfer and 
Professor Van de Hulst, I add my own. I3est 
wishes for a cordial and fruitful experience in 
W:isliington during the next 10 days. 

6 



3. STATEMENT OF HUGH L. DRYDEN 
Deputy Administrator, N A S A  

I tLpprecittte this opporuiiity to  iidd my \wrd 
of greeting to those of Mr. Webb t ~ n d  Dr. Wex- 
ler. We tire very ht~ppy tlint you could conie to 
this Workshop. We itre looking forwi~rd to coniitries. 

your coiitrilnit ioiis to\viird tlie iiiost eflevtive 
use of tlic siitellites in operibtioilid wetitlier prob- 
leins nnci to the iiieteorologicnl research in your 

7 
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4. STATEMENT OF MORTON J. STOLLER 
Deputy Director, Ofice of Applications, National Aeronautics and Space Administration 

I t  is a great pleasure for me to be able to add 
my weloome to those you have already received. 

This Meteorological Satellite Workshop is 
the first such meeting since the recent establish- 
ment of the Office of Applications w one of the 
four major technical progrum offices within the 
NASA organizational structure. The Office of 
Applications is responsible for meteorological 
systems, communications systems, and for the 
identification and growth of other areas to 
which the results of NASA’s research and de- 
velopment efforts can be directed for the benefit 
of mankind the world over. 

Mr, Webb has already mentioned khe efforts 
of NASA to make our technical results known 

to all who are interested. We expect that in the 
application of space science and tdno logy  to 
fislds of interest such us meteorology the pres- 
entation of new data and techniques may have 
to take place regularly. I certainly hope that 
we will have more than just this initial opportu- 
nity to discuss with you the details of our 
meteorological satellite systems. 

I hope, too, that we will have tin opportunity 
to work with your colleagues in other scientific 
iind technologid tirew, principally communi- 
cations, perhtips niivigutioiial systems, to speed 
the development tind improvement of those 
other services which are of worldwide interest. 

ea~iaris 0--82--2 9 
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5. STATEMENT OF KAARE LANGLO 
Chief, Technical Division, World Meteorological Organization 

More than PO yews ago Professor Wilhelni 
I3jerknes went to his government rind asked for 
$15,000 to expand the iietmork of meteorologi- 
cal stations on the west coast of Norwity. The 
significance of this story is not, the receipt> of 
$15,000, but wlitit mas iicliieved mitli $15,000. 
With this money 20 addit,ional stations were 
built. I3y means of these sti~tions a significant 
development WRS made in meteorology by dis- 
covering tlie frontal systems, or tlie cyclone 
model, developed by Professor njerknes. I 
mention this because the World Meteorological 
Organization believes that, extending tlie ob- 
servational networlt is essential to our under- 
standing of what, happens in the atmosphere. 
This is why we believe thnt satellite observit- 

t ions tire iinportttnt, and the World Meteorolog- 
icnl Orgnnizntion will do everyt,liing possible 
to support, any nssocinted activities which are 
dependent on iiitergoveriiineiitR1 tigreements. 
We started this work before the first sntellite 
was launched, nnd we are going to continue to 
do whntever we cnii to support these activities. 

I should like to tlittnk the tiuthorities of the 
TJnited States for taking the initiative through 
this Workshop. I 1~111 directing these tliitnks to 
the NASA rmtliorities m d  to the Weather 1311- 
reitu itlid hope tliitt they will have p e n t  success 
in  the work to come. We nre lioping that sea- 
eriil more of these Workshops can be n r m n g d  
in the future. 

11 



Blank page r e t a i n e d  for p a g i n a t i o n  



6. STATEMENT OF U. SCHWARZ 
Technical Oficer, International Civil Aviation Organization 

I n  the short time that satellite meteorology 
has been on the scene, i t  has become apparent 
that there are likely to be many, both direct and 
indirect, applications of satellite meteorology 
to aeronauticql meteorology. ICAO has there- 

fore been very happy to endorse the aiins of 
this Workshop. 

May I, therefore, extend the best wishes of 
ICAO to both the organizers and the partici- 
pants for a very successful meeting. 
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7. STATEMENT OF MORRIS TEPPER 
Director of Meteorological Systems, National Aeronautics and Space Administration 

I would like to join tlie speakers who pre- 
ceded me in extending to you n most friendly 
and cordial welcome. In  this Workshop we 
have endenvor-ed to develop u program mhich 
will be both instructive mid useful. 

We shidl try to present, to you within the time 
rillotted to this Worksliop whit we Iitive been 
planning, what we liave been doing with the 
data, and how we liave been doing it. We hope 
you will listen critically und let us know, either 
during the Workshop or later, after you have 

litid n clinnce to study the inntsrial m d  analyze 
the dntn yourself, your evnluntions nnd your re- 
sults so that we inny improve our present tech- 
niques and procedures. 

We hope that this Workshop will be tlie first, 
of inany such Internationul Workshops or 
symposia to be held in different countrim where 
scientists, working with meteoidogicnl satellite 
data, ciiii collect nnd intercliniige idens and 
resu 1 t s. 

15 



Blank page r e t a i n e d  for p a g i n a t i o n  



8. THE CURRENT NASA METEOROLOGICAL SATELLITE PROGRAM 
By MORRIS TEPPER, Director ot Meteorological Systems, N A S A  

Perhaps by way of introduction i t  would be 
well to pose tlie following question: Why is 
there a need for meteorological satellite dah!  

By its very nature, the atmospliere is a globit1 
phenomenon. It covers the entire earth, land 
areas and water areas alike, and extends up- 
ward with decrensiiig density. Moreover, the 
atmosphere is constantly in motion. This mo- 
tion is produced aiid influenced by the complex 
interaction of many events : the unequitl heating 
by the sun of the land and ocean areas, the lati- 
tudinal variation of this lietiting, the surface 
irregulnrity of tlie lnndmnsses, the rotittion of 
the eitrth, niid others. At mosplieric motions 
are not, simple in character, yet are extremely 
importnnt because in tlie lower 10 to 15 miles 
of the atmosphere pmcticnll y d l  the wetither 
tliiit affects mitn is produced. 

The meteorologist recognizes tho global cliar- 
ncter of the tit mospliere and well realizes tlink 
lie must observe, describe, niid understmid tlie 
behavior of tlie ntmosphere over a h i r p  port ion 
of tlie globe if lie is to explnin and predict with 
any degree of confidence tlie weather events 
that occur in ciny locnlit y. Tho requiirment, for 
global d h  increases mpidly with the length of 
the forecast period. 

Thus, over a period of years, there lilts evolved 
among meteorologists of till count ries the renli- 
zation tliiit only with !lie assistiince of coopern- 
t ive internttt ionril obwrvrit ions will it be possible 
for tiny country to fulfill its own nntionnl 
metcoi-ologicd obligitt ions. Tlie World Mete- 
orological Orgttniztttion is tlie vehicle tlirongli 
wliicli nct ive interiiitt ionnl cooperittion in metr- 
orology is nc1iievec.l. Mmiy liiindreds of obser- 
vat ions itre tiilren daily by ninny countries. 
These observnt ions itre mnde t lie coininon prop- 
erty of tlie entire meteorological community 
through est nblislied rapid internationnl com- 
munictitions clinnnels. 

Despite this pnrticipation of men in many 
countries observing the atmosp1iei.e nnd sharing 
these observtit ions for individual and mutual 
benefit, it is perforce newssttry that these obser- 
witions be restricted priniiirily to those regions 
regulnrly frequented by m ~ n .  Tlie atmospheric 
events in desert, polnr, and ocettnic a i w s  for the 
most, pnrt reiiitiin undetected, aiid information 
on their contribution to the globnl ntinosplieric 
motion iind to itssocinted weather patteiiis has 
been uni~vniltible to meteorologists on a regular 
bnsis. It is only when these eltents mol70 out of 
tlie uniiilinbited nrens thnt tlieir presence be- 
coines lcno\vn. I3y this time it inny be too late 
to issue the necessiiry kinds of wnimings for 
the protection of life nnd property. For ex- 
tiinple, sonie of tlie most destructive storms are 
those of tropicnl origin which form iietir the 
eqwitor in those ocennic iiiwts that tiiw pmc. 
t icttlly devoid of \wither informitt ion. Fre- 
quently, the first, wni*iiing of such a storm is 
wlien i t  striltes itii isliind, ship, or continental 
shoreline. 

Figuiw 8-1 sliows tlie distribution of observ- 
ing st ations in t lie world radiosonde net work. 
lhcli dot represents II stntion. Note the ab- 
sence of stations in the oceanic aivas and in 
iiiitny lnnd ttrens 11s well. Satellites can pro- 
vide siirveillnnce of these dntii-spnrse Ocean 
regions on IL globnl bnsis, permitting early de- 
tect ion itnd wmirnte trticltiiig of storm systems. 
13ascv.l oil  such obsei*vntions, timely wti-nings 
cnii be issued to both populnted metis aiid ves- 
sels ttt sen. In the stiine ~ntiniicr, nccurate ideii- 
I ilirwt ion nnd trrtclting of storms in dntn-sparse 
regions nt higher liititiides would iiid in more 
ticcurtile forecut ing of tliese syetams. 

More genrrnlly, tlien, since the titmosphere is 
global in rliitrticter, knowledge of its behavior 
in some of tho more irmote iiirm is frequently 
required if suitnble prediction of weather for 
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a desired location is to be obtained. Even in 
continental regions where stations seem to be 
very dense, as shown in several areas of the globe 
(fig. 8-1), the network of stations is frequently 
still too coarse to catch the smtiller sctile we:itlier 
events, such :is 1oc:il showers, tliunderstorms, 
and severe local storms, iiicluding tornadoes. 
These storms :ire small in  extent m d  have a 
relntively sliort duriition. It is almost by 
clianw that they are identified by the existing 
net work. 

A rrieteoro1ogic:il satellite 1r:tving sensois wit l i  
good iwolntiori and ti c.:ip:tl)ility for contiiiuons 
survei1l:ince will be ablr to idriit ify :ind t r w l c  
the smtiller sc:ilrl p1ieiionieii:i. TIiiis, it will be 
possible to give more explicit :ind tlettiiled sliort- 
term forecasts of these sc~vc~e  we:itlier events 
to the genertil public tilid t o  :ivi:ition interests. 
Furthermore, satellites ~ i i i  provide types of! 
data not possible from other observing systems. 
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Being situated outside tlie atmosphere of the 
earth, the s:iteIlite ctin view the sixn directly 
witlioiit interference from tlie filtering act ion 
of the :it Inospliere wli ich accompanies enrth- 
bound obseiwit ions. In tlie last antilysis, the 
energy for :itmosplieric mot ions comes from the 
sun. With r:tdi;it ion seiiso~*s oiibotiId, the stit - 
ellite is in :L posit io11 to metisure tlie net 1): i l : i i ic~~ 

betweell the  sol:^. iiiput t i i i t l  tlie outgoiiig solnr 
r:idi:Lt ion. This net 1):il:iiice repi*esents t l ie  en- 
ergy :iv:iil:ible for driving t lie tit rriospliere. 
Moreover, this I):iItiiic.e may be viewed from 011-  

I)o:iid :i s:itellite t4lier i i i  :i giwss m:iniier to 
:icqiiire tdie gl01):il radintion budget or in detail 
to st iidy 1oc:iI effects. 

The T I R ~ S  seriw of niet coro1ogic:il s:itdlites 
litis demonstrated both tho technical feasibility 
of ol)triiiiing the tlesiiwl d:itt~ :intl t lie prnctical 
utility of tlie data so oLt:iiiied. 'l'iitos consists 
of :i series of experimental spill-stabilized me- 
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FIOURE 8-1. Trno~ I being 1:iunchwl. 
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FIGURE 8-0. 

t ioml Meteorological b p  r* of Ilte 
WeatIier f h r r a u  u t  ASuit?ml, Md. TIIW t 1ms- 

missions were incorporated into the rrgulxr 
:in:iylses and forecnsts of tlie Weather 13iircv~ii. 
Copies w r e  :ilso re1:iyetl to 1J.S. ;iir :ind ii:iv:il 

services, hotli in tliis c-oi int  ry :iritl ovc~~*sc:~s, 
wllere they proved to be vc~r.y usefiil. I n  later 
periods these analyses hiive t m n  rnntle avail- 
:J)lrl  to foreigii weather servicw. 
In their use of this informtifio~i the U.S. 

we:ither services have indi(xted tli:Lf t I i c s e  cvloiid 

:in:ilyses est nblished, coiifirni(d, or niodified 
si1rf:ic.e front ii1 posit ioiis, assist et1 iri the hicfirig 
of pilots on :ic‘(:ur:ite we:itlier conditions, were 
w e d  in direct support of overwiter deployment 
a n d  aerial refileling of aircrxft, g i i w  direct 
support to :in Antarctir. siipply mission, con- 
firmed the position of :I Ricific typhoon, veri- 
fied and amplified 1oc;iI :in:ilyses particularly 
over areas of few reports, and more. There is i i  
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9. THE CURRENT USWB METEOROLOGICAL SATELLITE PROGRAM 
By DAVID S. JOHNSON, Chief, Meteorological Satellite Labordory, U S .  Department of Commerce, 

Weather Bureau 

A rather comprehensive review of the Tmos 
meteorological satellite program upon which 
most of the resetwch activities in tlie Weather 
Bureau are based has been given in paper 8. 

The research activities in the meteorological 
satellite program in the Weather Bumau 
centralized in the Meteorological Satellite bib- 
oratory. The Laboratory is primarily con- 
cerned with meteorological research utilizing 
satellite observations in order to increase the 
understanding of the atmosphere and, a t  the 
same time, to develop new and improved tech- 
niques for nnalysis tind forecnsting. 

Because of concern with tlie nature of the ob- 
servations, the Laboratory nlso participatas in 

. the satellite experiment design and in basic in- 
strument development. Tlie volume of meteor- 
ological data obtained by tlie satellite averages 
millions of bits of datu per day. This c a u m  
serious problems of data processing, both for 
immediate operational use tind for m y  research 
programs that are carried on subsequently. 
Therefore, automatic data-processing tech- 
niques are being studied to meet rasearch needs 
and to develop operational techniques. 

I n  addition to the research program, the Lab- 
oratory has been deeply involved in an experi- 
mental operational use p r o g r m  which, it is 
hoped, will serve as a forerunner of an opera- 
tional meteorological sutellite system. 

The research work of the Laboratory, includ- 
ing the operational meteorological satellite sys- 
tem, will be described in detail in numerous 
subsequent papers. Therefore, in this very brief 
presentation, only a few points will be dis- 
cussed, with emphasis on certain topics which 
may not be covered in the subsequent papers. 

Figure '3-1 is t i  mosinc preptired from pictmvs 
tnkeii by TIROS I extoilding froiii tlie eiist.ern 
north Pncific Oceaii ucross loivor California, 

Mexico, nnd the 'ITnited Stat,es, to t i  point just 
east of Lttlte Michigixn. These pictures give t i  

view of tlic type of coverage that is obtnined 
with the Tiiws sntellites. The mosinc in figure 
'3-1 is composed of pictures taken by the wide- 
tiliglo ctiiiierii. I h c h  picture covers tin itreti of 
ribout, 700 to 800 miles on ti side when the 
ciinierti is pointing st might down, with A larger 
itreti covered ns the ctiinerii points obliquely at 
the surfwe O S  the enrth. In the picture tit the 
far riglit, for c~xnmple, tlie horizon ~ i i n  be seen. 
The two pictures in the lo~ver right mid the 
picture in the upper left mere taken with the 
iiwrow-tingle (wiierii, which views an tirmi itp- 
proxiiiintely 70 or 80 miles on a side when the 
ciiinerii iixis is noriiid to the surfnce of the 
elirth. 

This gives sonie ideii of the coniptiriitive 
resolnt ion of tlie two ciilixerii systems nnd wliats 
niiglit be clnssed as iiorind pictures froiii both 
Tllios I ~ n d  Tiitos 111. As mentioned in pitper 
8, the wide-angle pictures in the cRSe of TIRoe 
I1 were fuzzy m d  liicked detail. 

Tlie high-resolut ion picture showing Tiburon 
Islnnd, in tho Gulf of Cnliforniti, embrnces the 
outliiiecl tireit sliown in the corresponding wide- 
tingle pict nre. The dist ance bet weon tlie island 
rind tho const is til)oiit 1 to 11/2 iiiiles; this gives 
IL fair iden of the resolution thnt cnn beobtnined. 

Tlie clouci pitteriis w1iic.h exist over the 1'11- 
cifc  niiiy be seen iii figare 9-1. I n  gener~il, it 
litis l ) tw found t hit the (*1oiiti systeiiis seen by 
1 1 1 ~ s  tire higlily orgiiiiiztd, brit this is not 1x1- 

\\'lLYS the ('ILSC'. ll'or exwniple, t lie cloud systen1s 
iii the pictiires oii  the left tirn rcitller chnotic. 
Ijut oven iii t Iieir c.liiios t licy litive soiiie orgiiiii- 
mition; note? the rolls itlong the edge of tlie 
st rnt iforni cloiid. In the lnst two pictures on 
the right, clouds iissociiited with ti cyclollic ww- 

,, 
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be seen just to  the left of the center of the pic- 
t,ure with the wave p:itterns extending down- 
wind toward the east,. There are  two different 
scales of perturbations visible : the  relatively 
short, wavelength, particularly clear near the 
mountains, and the longer wnvelength on which 
the short wavelength is superimposed. The  ex- 
tent of the wave pattern as indicated by the 

cloud distribution is of the order of 200 to 300 
miles downwind of the mountain ridge. 

Figure 9-7 illiistriit es :in ex:imple of wh:Lt, 
might be cxlled a I)ortlerline meteorological ap- 
plical ion, 1 1 1 ~  depict ion of snow cover. Ag:iin, 
tlie Stiite of Gi1iforni:i is picfrlred with the S;in 
T7r:Liicisco Jhiy clr:irly indicated by the spec- 
1i1:ir i d 1 t v . t  ion of tlie iinnpe of the siin. Tho 
center of the irringe of the sun is in the Sacra- 
inento liivri. estniiry just iioitlie:i~t, of San 
Francisco I h y  ; the Sierra T\’c~:ida nioiint ain 
r:~npe whirl1 is mostly snow covered is easily 
seen. It, is oftentimc.s difficult, to discern with 
cert:rinty in :iny one pictnre the difrerence be- 
tween snow :ind cloids. I3y examining the 
s:irne :m:i on :i series of diiys, the :ii*eas which 
:we definitely snow covered can be difTcwati- 
:ited from those which w e  cloud covered. The 
cloud system over the eastern Piicific off the 
west, co:ist, of Ca1iforni:L is associated with :in 
occl n ded cyclone. 

Anotlier fringe :ippli(*:it ion, :IS f:ir :is nietcwr- 
ology is (wn(-ei*iiod, is irr t l ~ t c c 3 t  ion ; figuw !I-8 
il l i ist  rxtcs this :ipplic:it ion. ‘I’iitos I I \\’:is ~ : I I * -  

t i(-iil:ii-ly iiscfiil in  t1i:it iriiiiiy n:irr.ow-:Lnplc pic- 
t I J I W  I V ~ I Y ?  o1)f:iiiietl snch :is t l i c w  of ice in the 
(hi l i ‘  of St. T I : ~ \ ~ i * ~ ~ i ~ e  : i i w .  T l i t .  figlire shows 
two niosnics of the sxnie area in  the ( h l f  of St. 
JI:Lwrence extending from west OS Ant irosti Is- 
land to the w s t  co:wt of Nrwfountl1:~ncl. The 
pictures, taken (i clays :~pai*t, mnke it, possihle 
to note the changes in the ice pnttcrn during 
that  period. 

Note in the niosaic for March 28, the  1e:id 
of open witer  pirallel to the noithe:ist, (*onst 
of Anticost i 1sl:intl : ~ n d  :ilso the cracks which 
are beginning to :ippe:ir in the wtlier extensive 
icep:iclc to the east. This :i i*~:i  wherr the cr:icI<s 
:ippe:ii-ed :ind wlierc the ice. is tl;ii*lrer t1i:in cllse- 
mlit1re, whichli is h l i c ~ v c d  int1ic:itive of wltil ively 
tliin ice, wis open M ~ ~ P I -  (i tl:~ys 1:ite1*, :is shown 
i n  t l w  rnos:iic of M:ii-cIi 2!). ‘I’ll(? floes range ii i  

size from :ilmit 1 to 8 ki1omctei.s in  di:inieter, 
: ~ n d  the fields, t lie sol it1 1:irge ;LI*WS of ice, are 
1:irger t l inn  8 kilomt.tri*s i l l  (1i:inieter. 

Some examples of snn glint, which w:is 
bricbfly ment ionecl in t11c tliscnssion of figure 9-7, 
;we shown i n  figiii*e CI-9. ‘1 ’11~  two pictnres :it 
the lower right, were taken nboiit a minute 
; L ~ : L I ~  by I over the Aral SC:L 111 the left 
pictiire of tlie Aril1 S P ~ ,  the sea, ns  would  no^*- 





ing land or cloud because of its very low albedo. 
I n  tlie picture to the riglit the iimge of the sull 
is reflected by the sea, and the sea is very briglit. 
The conclusion in this p:irticular case, confirmed 
by supporting ol>servations, is tliat since the 
water surface is very smooth, :i mirror image 
of the sun is being seen on the surface. I n  the 
upper part of figure 9-9 is a view of Lake 
Urmia in which the specular reflection is difluse 
and ratlier uniform over tlie entire lake surface. 
This leads to the belief t h t  the surface is rela- 
tively rough, serving as a diffuse reflector. 

Thus, there is much interest in the possibility 
of using tlie image of the sun, or reflectivity, 
under clear-sky conditions ;is :in indicntor of the 
ocean surface conditions. 

I n  conclusion, the Meteorological Satellite 
1,:Lbor:Ltory is also active in the interpret,tition of 
the mdiation measurements which require 
great deal more data processing and study be- 
fore any results c:m be presented. These 1%- 
sults, to date, arid some of the problems involved 
will be discussed in more detail in subsequent 
papers. 
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10. THE TIROS SATELLITES 
By W. G. STROUD, Chief, Aeronomy and Meteorology Division, Goddard Space Flight Center, National 

Aeronautics and Space Administration 

This Worltshop provides the opportmi ty to 
evaluate the performnnce of tlie Triios meteoro- 
logical sntellite system tts piwt of tho NASA 
stndies of t lie iitinospliere tiiid its motions. I n  
ticidit ion, t lie three satellites lniiiiclied littve 
varied in degi*ee OS snccess. Tlie usuiil difficul- 
ties that tiii eslwi*inieiital physicist or iiiet eorolo- 
gist, rniLy 1111ve in  c~)iidnct iiig ntniosplieric experi- 
iiieiit s l i i~vc been eiicount wed. Tlowever, tliese 
11nvo been exiiggerrrt ed by tlie unusunl Inborn- 
tory (spncs) in  wliicli the experimeiit s are being 
conducted. 

There liils been no quest ion for sonic tiine of 
tlie vitlue of irieteorologiccil sirtellites. Hut tlie 
technology of the 11tuiicli vehicles, tlie teleinetry 
problein, thnt is, tlie prohlom of coinrniiiiiciitiiig 
the diitn from tlie sntellite to the grouiid, wid 
d l  the other prtrct icnl coiisidenttioiis, including 
funds, littve only recently permit ted the retrli- 
zntioii of the desires OS meteoidogist s niid geo- 
physicists to bring the cntire ewth iinder 
observntion. 

Tlie point of view taken by NASA is tliiit, 
1 I R O ~  relwesriits it series of eslwiiiient s 1x.1 her 
th:rn n purely oprrirt ionn.1 tool 01' tlir fiiittl an- 
swer in tlie problem of nirrltiiig iiietisiii*eiiieiits 
from out side t lie atiiiospliei*e. A c~loso tintrlysis 
of the iiifrRiwl and ivflected solrir i- i idiirt ion 
tlntir obtiriiid by the l'ii~os sntellites rcvenls the 
exl)ci*iinciitnl n:it i i iv .  Not only does it tiikn 
tiiric to receive tile t h t n  f i m i  the stitellitr but i t  

r l  

also tnkes tiine to interpret these dntn in terms 
of t 110 nt niosplieric plieiionirnir. 

Tlie experiinent nl Tritos systeiii cnii iwnlly be 
broken dowii into fonr innjor elements: Tho 
li~iincli vehicle; tlie spwecrttft or sntellite; tlie 
tliit  n iicquisit ion, tlitrt is, tJie problems of ncqiiir- 
iiig the ddn from the satellite by the ground 
stntioiis; nnd the dutn iitilizntion, tlint, is, the 
procedures by which tlie dntti nre used. This 
p q m  is t:oncelned with only tlie first, three of 
t lieso elements. 

The launch vehicle.-The Thor-Dnl tn used to 
lt~iiiicli the stitellite is tt tliroo-stage vehicle : 
liquid, liquid, tuid solid; tl i irt  is, the lirst two 
sttiges ILR liquid niid the third stage is solid. I t  

l'lio T r ~ o s  I lnunch vehicle wns slightly di fler- 
ent, in t erins of gnidtnice nud sequencing, but it 
liirci tlie sttiiie propulsive units. Tlicse tliree 
veliicles litrve plncetl the snt ellitrs in iiomiiicilly 
400-11t~iil i d - in i l e  orbits wit 11 100-minnte peri- 
ods nnd roiiglily 48" iiiclinntion. This metms 
that, the sdellite littitude escursioii is between 
48" iiortli rriid 48" soutli lntitudes, correspond- 
ing roiighly to tlie liniits of the globe brought 
under obswvat ion. 

Figuia 10-1 shows t lie 'l'lior boostei. k i n g  
iiisrrted ill t lie ltiuiicli st ttiid pi*ioi* to t lie lt\uncli- 
ing of TIROS 11. The first-stage Tlior l ~ i s  n 
t I i i w t  of :iboiit IW,OOO l)otiti(ls. I t  is interest- 
ing that t lie 'l'lior veliicle used to Iiiiincli 'I'IROS 1 

h l S  beell Used to 1tlllll(~h ' h R O S  I, 11, lllid 111. 
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FIGURE 10-1. Placement of the Thor booster on the 
launch stand for the TIROR I1 launch Prom Cape 
Canaveral. 

___--- 

.I___-- ___----- ------ 

I’(.riod, miti 
Avcragc. h(.igtit, stittirtc.  trii1c.s ( k i n )  

I’c.rigrr, statutti rrii1r.s (krri) ... 

Apogc~,  sf a t i l k  milw ( k i n -  

Ikccntricity- 
Inclination, d c g _ _ .  

was extensively used as ;i training vehicle by 
the military services; finally, it was obtained 
by NASA and modified to the form used for t,he 
TIROS launches. This modified Tlior success- 
fully performed in the launch of the Trrios I 
satellite itself. 

Figure 10-2 shows the vehicle on the launch 
stand. The launch vehicle stands about 90 feet, 
high, it is about 8 feet in diameter, and at l if t-  
off it, weighs a little over 100,000 pounds. An 
impressive feature of the Iauncli vehicle is t,he 
rate a t  which it consumes oxygen. It consumes 
oxygen during the boost phase ;it, the swne rate 
:is aboiit, fi million people. 

Table 10-1 summ;irizes the s;itellit,e orbital 

___I_ - ~- __ 

TIJlOH 1 TIROS 11 TIILOS 111 
- ~ . - _._ -- 

!I!). 24 !)8. 21) 100. 1 
450 (720) 420 (076) 475 (760) 
481. 3 (740) 451. 5 (7%) SO!). 8 (X20) 
436. 0 (702) 387. 8 (fi24) 457. I (730) 
0. 00287 0. 00727 0. 00593 
48. 3112 48. 530 17. 808 
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P’rown~ 104. A top view of the TIROR antellite with the cover rwnoveil. The vIirIoiia w i i i r m i e n t s  nro I is t r i l  
followN : 
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for storing and trtiiisinitting the infrared in- 
forrrititioii drttii tire sliowii (No. 1 3 ) .  Sliown also 
tire : one of the infrared rudintioii sctiii~iers 
(No. 12), the viwious clocks for keeping time 011 

the satellite (Nos. 11 niid 32), iiiid tlie bewoiis 

for keeping t rwk  of the siitellite (No. 29). The 
siitellite rnditttes tit 108 inegncycles tit till tiines 
and the ground stntioiis (minitrnck network) 
keep t rwk  of it. 

Table 10-1 1 suiniiittrizes the cninerii systems. 

TABLE I 0-IT.-Camera Parameters 

104 

750 (1,200) 
fl1.5 
1.5 
500 
1.5 to 2 (2.5 to 3) 

Field of view, deg . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Area coverage from average height of satellite and zero 

nadir angle, sq miles (km) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _  
Lens speed__--_-_____________________________----. 
Shutter speed, milliseconds _ _ _ _  - - - - - - - - - - - -. - - - - - - - - -. 
LineR per frame 
Revolution per raster line pair, zero nudir angle, miles (km). 

13 I 
75 (120) 
f11.8 
1.5 
500 
0.2 to 0.5 (0.3 to 0.8) 

111 TIROS I nnd I1 n wide-angle ctiinerti which 
took picture with n scope of tibout t~ thousniid 
miles 011 a side itnd IL ntirrow-tingle ctiiiierit 

which took a picture with II scope of tilmiit, 75 
miles 011 $1 side were used. Tlie lens speeds are 
given, the number of fntmes, and tlie video 
h i  tl w i d t 11. 

There is iuiother view of the stitellite in  figiive 
10-5 wliicli gives sollie reference to the various- 
sized boxes tliiit itre used in  it. The key tape 
recorder (No. 1) used stores 36 pictures. In 
ttiiy orbit of tlie stitellite, 82 pictures c i ~ n  be 
taken iiiid stored iii  the stitellite for ttny o11e 

ciiirierti. Other boxes for cont 1-01 fuiictions tire 
shown ~ L S  No. 2. Also shown ttre tlie tiiiteiiiiiis 
for Iwtli tlie 2:~5-niegacycle triinsinissioii of tlie 
cliita to  the grouiitl (No. 8)  rind the 108-1iiegit- 
c:yc.la triiiisinitter (No. 4) which tire used for 
trwltiiig tilid for telemetry, the telemetry solv- 
ing tliu probleni of keeping t i w k  of liow \vel1 tho 
satellite is opei.nting; for exitii~ple, the. teleiii- 
of t y  indicates wlietlier the voltiiges tire proper 
tliroiiglioiit tlie srttellite, if 1111 tlie poiver is 
I)eiiig iicquired f r m i  the soltir (*ells tlitit slionld 
he ticquired, whit tliu power bwlniice is in the 
sntellite, w d  so on. A11 this iiifoi~niatioi~ iiirist 

be obtained if the perfoimince is to be poperly 
evtd 11 tited . 

'l'lreie tire tlirec nspect s of tlie ciiinerit system 
that I L ~ B  different from tlw usunl systcws. One 
is tlie "sticky" ntit tire of the vidicon surftice 
tliiit is used. This is tiot IL norinnl initige orthi- 
('011 or television systc~ii~. The surfrtce of the 
tclevision vitlic*oii tulw is exposed to tlir iniagr 

I I Wide angle Narrow angle 

J 

of the enrth in 1.5 milliseconds; then, the elec- 
t i m  betiin reads the picture off in  about d sec- 
onds, tlitit k, c,onvei-ts the picture infoiiiitition, 
which is the distribution of chctrges on tlie 
photogrttpli surfnce, to elect ricnl sigiitils. Thus, 
the tirile, required in this operation (11 time coni- 
pression of iilniost 1,000 to 1) permits a rednc- 
t ion i i i  the rtidiofmqueiicy bnndwidths required 
to trnnsinit the diitii to the ground. T'liis chnr- 
wteristic of the vidicon is quite unusuiil i~iid lins 
bee11 used iriost ~Lclv,tiitiigeously ; ti video lmnd- 
width of iil)out 62.5 ltilocycles is used in cont,rnst 
to the 11ormiil television systeins wIie1.e the video 
biindwitlths tire of the order of 4 niegacycles. 

1 l ie  sec*olitl Iispect of the ctiliieriL systelii is 
tdliiLt, of resolutioii veisiis coiit rtist., t h t 8  is, d i n t  
('tin be se.el~ iii t lie pictures. The resolution, 
i i i  trniis of the 1iuiii1)er of lilies i n  the wide- 
iuiglo ('tiiiiw-ti system, ns ti11 extiniplo, c t ~ n  be 
cleciriced fro111 t lie frwt tlirit the ciiigle field of 
view of tlir leiis is ttl)out 104' w1iic.h is pro- 
jwtetl onto ti 500-li1ie vidicw. The vidicon 
producw IL BOO-line sniii. 'l'liis yields ii tele- 
vision resoliitioii of ~ibout 1.5 or 2 iiiiles wit11 the 
(*t~iiieix poilit iiig st rtiiglit cIo\vii froiii t i  iioiiiiiitil 
400-1iiih r ~ l t  itiide. 'l'liiit does not iiieiiii  t lint two 
objwt s on t 1io gi*oiiiid wliic.lt itre i*otiglily d niiles 
t i p r t  ( w i  bo resolved, bcwuse t l ie opt iciil rtwlii- 
t ioii is t wiw t lie t ttlwisioii resolut ioii. I'1ven if 
full  tidvtiiitnge cwuld be ttikeii of the resolution, 
tliorr. is t~iiotlicr ftivtor wlik l i  enters the d d i t y  
to deter~~iiiie whit is in ti pic*ture; this is the 
cwntrtist. ?'lie qiitility of the ' ~ ' I R ~ s  1 pictures 
WILS ti plettsniit siii*pise 1)wniiso t l i e  ( w i t  rtist he- 
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tween the clouds and the surfnce wits so high. 
It is easy to recognize that tlie background is 
black and the clouds are light in tone. 

The high dynamic range of the vidicon sur- 
face, high dynamic range in the sense that it 
responds to wide variations in light intensity, 
also helps to provide pictures of good contrast 
although basically the system does not produce 
photographic quality information. It was not 
intended to aiid is rnther limited in this sense. 
But the combination of lidequate resolution aiid 
good contrast provides pictures which are of 
“quality” in appeiirance. 

The third aspect in the ctimera system is the 
attitude of the siitellite. The siitellite is spin 
stabilized. This ineltiis that orieiitnt ion of tlie 
spin axis is nomindly consttint, pointing to a 
fixed point in space. As the siitellite travels 
around the earth, the ciimerns in it fixed posi- 
tion at the rettr itre pointed nt the eiirtli only 
a quarter of the time. The problem eiicoun- 

tered with respect to the attitude is that in 
TIROS I the spin axis did not stay fixed in space 
as expected; there wm a reaction betwen the 
residual mttgnetic moment of the spiiiniiig sntel- 
lite itlid the magnetic field of tlie eiwth. Also, 
since tlie satellite wits not t~ spliericd mnss, 
there wits ti nonuniform interaction between tlie 
etirth’s gravitntionnl field and the satellite. 
130th of these torques, tlie magnetic coupling 
between the siitellite and the etirth’s field and 
tlie nonuniform distribution of gmvity, teiid to 
move the spin axis of the satellite. Figures 
10-6 to 10-8 show how the spin axis litis per- 
formed in terms of tlie nstronomicnlly defined 
right iisceiision wid declinntion. 

Figure 10-6 sliows how the spin axis moved in 
Tmos I ;  tlie change in declination with riglit 
ascension is fairly smooth. The numbers indi- 
cnte days nfter launch. A theory was developed 
for this variation bnsed on tlie coupling of the 
magnetic moment of the satellite with tlie inag- 

FIOUHE 100. Motion of the spin axis of TIROB I under the influelice of the earth’s ningnetic fleld und the 
gravitntional torque. 
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FIGURE 10-7. Motion of the spin axis of TIROS 11. 

netic field as well as the gravitational field; the 
t1ieoretic;il fit is the dashed line. I t  is stitis- 
factory in terms of the accurwies desired. 

On the basis of this information a change 
was introduced in TIROS I1 and TIROS 111; an 
electromagnetic coil was wrapped around the 
periphery of the sttellite which permitted 
variation in the magpetic moment of the satel- 
lite both in magnitude and direction, so that, to 
a certain extent, as shown in figure 10-7 for 
T I R ~ S  11, the motion can be changed or con- 
trolled. The solid curve indicates the way in 
which the spin axis is controlled. The strange 
convolutions of the motion derive from two 
things. I n  TIROS I1 there was trouble with the 
programing and, occasionally, for some un- 
known reason, the magnetic coil switch ended 
up in the wrong position ; thus, the magnet mo- 
ment was of an undesired amount. Secondly, 
the motion of the spin axis is not controlled so 
much as the rate of change is varied to prolong 
the picture taking or power :~ccpisition. 

Figure 10-8 shows the variation for TIRW 
I11 up to 81 days. Again, t,he same kind of ir- 
regular motion is seen when the motion is 
slowed. Look at  the small changes roughly be- 
tween 60 and 65 days, contrasted with the 

changes from 75 to 80 days. There the attitude 
was changed rather quickly. 

The next aspect of the spacecraft system to 
be discussed is the infrared radiation system 
(ref. 1). The name is not quite proper; it 
should be the reflected solar and emitted radia- 
tion. However, it has come to be called infrared 
radiation because most of the channels in this 
system are devotecl to an exploration of the 
longer wave, the thermal radiation coming 
from the earth. 

Figure 10-9 gives an indication of the geom- 
etry of the radiometer. The fact that the satel- 
lit,e is spin stabilized and the spin axis is 
essentially constant in direction led to a con- 
figuration for the radiometer onboard the satel- 
lite in which the axis of t,he scan system is at, 
45" to the spin axis of the satellite. The spin 
axis of the satellite can be visualized as being 
parallel to the chopper disk. The chopper disk 
rotates rather rapidly at  40 cycles per second, 
compared with the spin rate of the satellite 
which is about 10 revolutions per minute. This 
means that as the satellite scans the surface of 
the earth, spinning this chopper disk gives, al- 
ternately, a view of space and a view of the 
surface of the earth. The relative positions of 
the spin axis t ~ n d  tlie scan be;m itself provide 
full coverage of the earth with the radiation 
system; that is, in the 100-minute period, 100 
minutes of data can be obtained. It should be 
realized that even when the spin axis is point- 
ing directly toward the earth the scanner, at 
45", still sees the earth, tracing out, u circle on 
the surface of the earth. This complicat,es the 
dttta reduction but does permit the acquisition 
of data over each full orbit. 

Figure 10-10 is a picture of the radiometer 
sliowing t lie five c~h:uinels whicbh look out 
through the slots visible in the photograph. 
The basic housing is for the preamplifiers. ne- 
cause of the low signal levels, very high am- 
plification (60 decibels) is needed. 

Figure 10-11 is a block diagram of the sys- 
tem which shows the channels concerned. The 
physical meaning of these will be discussed in 
subsequent papers. The 6- to 6.5-micron chan- 
nel mei~siires the water vapor; the 8- tn 12- 
micron channel nieasures atmospheric radia- 
tion; tlie 0.2- to 6-micron channel measures the 
albedo of the earth ; the 8- to 30-micron channel 
measures essentially t,lie total emitted thermal 
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FIGUBE 10-11. Block diagram of system. 

Another radiation experiment involved two 
small cones, one black to measure the total 
emitted radiation and reflected radiation, and 
one white which would absorb just the thermal 
radiation, the infrared end of the spectrum. 
The field of view of these cones corresponds to 
the field of view of the wide-angle camera sys- 
tem and looks at  the same area as the wide-an- 
gle camera; that is, this cone arrangement 
points t o  the rear of the satellke in the same di- 
rection as the camera system. This provides a 
direct measure of the heat balance of the area 
of the earth viewed in any one of the pictures. 

Among the basic sensory systems is the'Suomi 
experiment (ref. 2) ,  the sensors for which are 
shown in figure 10-3. The IJniversit,y of Wis- 
consin group has prepared an experiment, which 
was flown on Explorer VII ,  consisting of two 
small hemispheres backed by mirrors. One is 
a black body, the other, a white body; the black 
body absorbs all radiation and the white body 
absorbs only the long-wave radiation. There 
are two of these, one on either side of the satel- 

lite. They are also used on the TIROS I11 satel- 
lite. The rest of the system is a block diagram 
of the procedure by which radiation is detected 
and the results stored directly on the continu- 
ous-loop magnetic tape recorder. I f  the infor- 
mation is not read out, that is, if the tape 
recorder is not commanded to play back the 
information at one of tlie data-acquisition st,&- 
tions, tlie sat,ellite keeps recording the data but 
erases the immediately preceding information. 
I n  other words, the last 100 minutes of infrared 
data are alwuys stored onboard the satellite. 
This provides a real advantage in t,he data-ac- 
quisition problem because of the locations of the 
stations for acquiring the data from the satel- 
lite. The data from all 14 orbits or 14.5 orbits 
that the satellits makes in any one day are not 
acquired ; on the average, prob%bly only 7 or 8 
orbits of data per day are acquired from the 
satellite. There is IL clock in the satellite in- 
frared system as well as the t,ransmithr at 235 
megacycles for playing back the stored infor- 
mation in only 3.3 minutes, u time determined 
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tion and maintenance of these large dishes in 
high winds. 

The operation of the station is handled in the 
following way. The TIROS Technical Control 
Center, which is located at  Goddard Space 
Flight Center, receives all the information on 
the performance of the satellite and on the 
operational problems, that is, what the wind 
levels might be in terms of operating one of 
the big antenn:is, what the communications 
problems are, and so on, and from which areas 
i t  would be desirable to obtain meteorological 
data. The Weather Bureau indicates where 
picture information is desired. The ground 
stations then provide the programs to be sent 
to the satellite; these programs direct the satel- 
lite either to take pictures immediately, if this 
is possible, or to take pictures a t  some prede- 
termined time, after the satellite has passed the 
data-acquisition site. 

On the average, about seven orbits of data 
can be obtained by the ground stations each day. 
This means that about 450 pictures and about 
7 radiation tapes can be obtained each 24 hours. 
The station locations are not optimal, as has 
been indicated. I t  is just :I matter of finding 
land a t  the right places. There could be a 
better arrangement for the present two st a t' ions. 
One of the stations acquires perhaps five orbits 
and the other station adds only two or SO to 
this. However, there are many occasions when 
they can be used for backup. 

The ability to  send commands to the d e l l i t e  
and to provide the programed information to 
take a picture so many hours or so many min- 
utes from now comes from the control panel 
shown in the center of figure 10-13. The decks 
of racks of electronics on the right side of the 
figure are for the telemetry data, the housekeep- 
ing information that is needed to determine 
voltages througliout the satellite and the per- 
formance of the various boxes and control units 
on the satellite itself. 

The key element in the immediate use of pic- 
ture data at the station is the fact that as  the 
picures are received at the ground (consoles 011 

the left) they are displayed directly on the pho- 
tokinescope and photographed on H5-millimeter 
film, so tli:it within roughly half an hour after 
the satellite pass it is possible to process the filni 
and to have the meteorologist :it the st rition 
looking at  the photographic data obtained by 
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the satellite. This is true whether the data 
have been directly transmitted from the satel- 
lite or whether the pictures have been taken 
over some remote area such as Australia. 

The picture data are stored on the magnetic 
tape so that if there has been an error in the 
receiving of the data on the photokinescope 
and the film, the tape can be played back. The 
film data are used right at the station, and a 
copy is transmitted to the Navy Photographic 
Center where it is processed and distributed to 
all research users. All the radiation data are 
stored directly on magnetic tape. The radia- 
tion data are returned to Goddard Space Flight 
Center at NASA where they are rather elabo- 
rately processed. The problem of processing 
radiation data will be discussed in paper 16. 

A brief summary of what has been accom- 
plished in the TIROS satellite systam is pre- 
sented as follows : The vehicle performance has 
been excellent. The nearly circular orbits de- 
sired have been attained ; there has been no loss 
of the satellite, which is the first concern, from 
the launch vehicle itself. There have been 
problems with each of the satellites; in some 
respects, sach of the satelites has been less than 
perfect. 

TIROS I, which was launched April 1, 1960, 
transmitted some 28,000 pictures in roughly 78 
days, of which probably two-thirds were mete- 
orologically significant. The radiation experi- 
ments, either the scan type or the wide field, 
were not onboard the first TIROS. There were 
two major failures in the system. One was that 
between orbits 22 and 572 the narrow-angle 
camera did not work. It began functioning 
again after 572 orbits. It turned out that if a 
camera had to fail, the narrow-angle camera 
was the more expendable since the wide-angle 
camera has always produced the more useful 
meteorological data. Finally, the satellite died 
because a relay failure destroyed the battery 
system completely draining the units so that 
the charge could not be maintained. However, 
the ' h o s  I satellite still transmits its beacon 
when it is in the sunlight, and the minitrack 
networks keep track of it. 

Tmos 11, which was launched on November 
23, 1960, is st,ill transmitting. It is not, ap- 
])i~rently, working in the sense of prodiiciiig 
tlnt~ti. It, has producd over 85,000 pictures ~ n d  
roughly 1,600 orbits of rcidiation information. 
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11. CLOUDTNESS ASSOCIATED WTTH LARGE-SCALE SYNOPTTC 
SYSTEMS IN TEhIPERATE LATITUDES 

By S .  FRITZ,  Chief Scientist, Meteorological Satellite I,aboratory, U.S. Deportment o/ Comm t w e ,  Weather 
Bureau 



gions are also seen, w-hicli represent, for the 
most part, cloudless regions and can be wsumed 
to be cold air that is invtiding the area occupied 
by white clouds. 

Sometimes, as in picture 6 of figure 11-1, a 
strip of cloudless air is actually embedded in 
the main cloud system. I n  addition, the 
streakiness of the clouds in the spiral array can 
be seen. The extent of streakiness in the atmos- 
phere is perhaps a little surprising in compari- 
son with what was expected before TIHOS. The 
atmosphere displays a great deal of streakiness. 
Darker strips are embedded in the more or less 
overcast bright regions, as in pictures 2 and 8, 
and are also seen in cloud streets, some of which 
will be shown subsequently. The outlines of the 
cyclonic patterns are thus seen in a t  least these 
two ways: cold air coming into the cloudy area 
tind streakiness in the upper cloud system. 

(”onsider, now, how such inform:ition may be 
used. There are ways of loctiting geographi- 
cally the various cloud elements that are seen in 
tlie pictures. For example, in the c;is(? of the 
cyclones, the theoreticti1 center of the spiral pat- 
tern can be located. It is also fairly clear that 
in some regions of the \vorld the mere location 
of cloud systems will be of corisitlerable help; 
such areas are, for example, the regions that 
bound South America both to the east and to tlie 
west, tlie region that surrounds Africa, and the 
region to the south of Austrdia. These are 
regions from which there are very few reports; 
there are no islands, very few ships, and very 
few airplanes. Thus, they are :ire:is of itlmost 
complete meteorologic.nl si1eiic.e. The mere 
knowledge of the 1oc:ition of a system in t h e  
regions can he of great use for forecwsting. 

It, should be recognized thtit the s;itellite is 
not a forecaster. I t  can only observe. Every 
forecast system has :is its beginning some in- 
format ion about the initial sttite of the atmos- 
phere. The satellite serves ;is :L very important 
observing tool which can provide information 
fibout atmospheric conditions at the beginning 
of a forecast period. I n  silent :weas, knowledge 
of the existence and location of :L storm, infor- 
mation which except for TIROH might not be 
known, is very important. This same argument 
would also hold in the tropictil regions where 
often very little information can be obtained 
regarding the existence or the locntion of severe 
storms, such as hurricanes or typhoons. 
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I n  other areas of the world, for ex:imple,’iii 
the Atlantic Ocettn :weti, in tlie 1’;icific Ocettri 
to n lesser extent, or in the North Amerirtin, 
Europem areas, the exist eiice of the  1s1.ger 
storms is generdly kno\vn, :ilthough somet imes, 
by using satellite pictures, it is possit)le to posi- 
tion the storm more ;iccurtitely. If ;t big storm 
exists in those ;ire:Ls, convent ional reports will 
establish its existence. Some improvemelit c:in 
be made in locating new forniations--\vnves 011 

a front, for extimple-which might be poorly 
documented even over ocetin shipping 1;ines. 
Also, there are cases in which, even in well- 
covered :ti*e:is, sm:~ller systems m:ty esciipe de- 
tection :~nd  the satellite c:in help. 

Sinre clouds are produced by physical proc- 
esses, much information on tlie present st ate of 
the atmosphere, sii(*h :is the distr-il)ution of 
moist we, the presence of vert ic:tl mot ion, :I gen- 
eral indication of wind p:ittern, and other Sac- 
tors, slioiiltl be ol)t;iintiMe from the cloud 
pict ures. 

On the whole, it is helievet1 that, 0 1 1  the Inrge 
scttle, cloritls :ire 1)1-oduced esscvit ially by upw;trd 
motions in the preseiice of tlie proper humidity 
field. Thus, the clouds indicate the vert icnl 
motions titid tlie huiriitlity field which ptvo rise 
to the p:irticul;ir pattern. I11 tlie more recently 
t vied forectisting methotls, ntiiriely numeric:il 
wetit her predict ion, equat ions of niotion ;ire 
modified to fit :L pirt icbultir model 1tnd tin :it - 
tempt, is mtide to forecwt the future st:ite of the 
:it niosphere. I n  order to I)egitr the fo~*r.c:wt, 
the conditions of the titmospliere ;it t lie begiii- 
ning of the fowcsst period iriiist be known. Of 
primwy use in the init id Iiorizontnl flow field, 
tliat is, the 1iorizont:iI motions tlitit exisl :tt the 
beginning of the forerwt peritxl. I‘lven i n  the 
soniew1i:it element w y  niod~ls, t Ire vel*( ic.:il 1110-  

t i o i i  field, the field of the upwttrd iintl tlotvn- 
wirtl mot ions of t lie ritmosphere, is computed 
oii the basis of a knowletlge, or on ;m est jmiie, 
of the horizont ti1 mot ions that exist :it the be- 
ginning of the forecast period. 

It is known that in m;ttiy regions, even in  the 
better o1)servd ocetin ;ti’e:is, siich tts the At lnntic 
or the I’ucific Oce;tn, the iipper air iiifo~~mrition 
which must go int o such verticd-motion esti- 
inat es is inadequtite. There tire an insufficient 
number of uppw air st:itions. In the I’ticific 
0ce:in there :ire wi’y few. Altliough there :LIT 

more i n  the At lantic, the number of reports 



nviti1:tble is still too sindl to give :r reliable 
picture of the vert icitl mot ion. Nevertheless, 
romput:ttions of the verticitl motion tire iriitde 
in these ocenii wens on tlie hs is  of the infor- 
inittioii that  is :rvtailtLble at tlie beginning of the 
forecast period. A checli on the verticirl mot ion 
is nvwilirble if the t lieoi-y tliitt clouds tire pro- 
duced by upw:trd veitical inot ioiis is iiccepted. 
1 hen, tlie computed vertictil inotion cirii be coin- 
pnred with tlie cloud pictui~s.  If the computed 
motions do not ngree with the cloiid pictui-es, 
corrections niiist be ninde either in  the model 
or in  the estimnte of lh0 initid flow field. 

l'erliaps present kiiowleclge does not, tillow 
c1i:ingiiig the models, but, by trccept iiig tlie 1111- 

iiieric:rl iiioclels wliich itre in  use, i t  inity Le pos- 
sible to cliniige tlio iiiit i d  coiidit ions in such 
:L wiy tis to inttlte the verticirl mot ion field or 
huiriidity field irgieo with the cloud pictures. 
These cloud observut ions tire iiow bitsic ; it is 
hoped tliitt nll regions of tlie \voi-ld will be ob- 
served at, least oiice 11, dtty by litte l!W 01' wrly 
1963. 

There tire :kt 1e:Lst two npprottrhes being iiittde 

to explnin the p1iysic:il ntiture of clouds. One 
of tliese two itpproitcliw is ti study being w n -  
ducted by Ctipt. 1s. ('. Iiintlle of tlic 1T.S. Air 
Force to develop IL nuniericirl method of fore- 
crtst iiig tlie location iiiid extcwt of rloiidiiiess. 
T h e  cloud pivt ui-es :iiv fitted to the ~ippropritite 
t h e  step of t l i e  cwnipiit otl forcwist fields of 
horizontal flow and vert icnl mot ion. This 111'0- 

cedure giws LL lianiiclit y field. I3y rising this 
field, fo1*ectwts rtre Illade alrl~lltl for  :I SllO1*1 

period, stiy 4 Iioiii*s. 'I'lieii, i f  c~loiitl ])kt urrs 
are ttvttilable, tliese 111x3 coniprivd to the f o i ~ -  
ciist huniiclity field. If the wt uti1 c*loud pic*tiiies 
do not tigree with the foiwrst  of w l i i r t  the 
clouds slioiild be, on the bitsis of t lit1 conipiit ti- 
t ion riiitde using t lie Iiiiiiiidity t l r r t i i  toget Iier 
with tlie inot  ion field, oiily t lie initial liiiiiiidity 
field is c*li:iiiged to grt ;igi~et~nieiit tit t l i e  c$loud 
o1)sei~vatioii t inie. Oiic~u rigi*(~ieii t  : i t  t lie cloud 
observtition t iiiie is ucliicwd, the c w i i i p i i t  111 ions 
:ire coiitiliiiotl for seveixl hours i i i o i w ,  rtiitl t l i c i i  

: L I ~  iitt enipt is iiiade to foi*ec.ast t l i e  c*loucl field 
in tho future. 'l'hiis, t l ie  ~ i i e t l i o d  is t i  way of 
obt t i i i i i i ig  coiisisteiicy bet ween the i i io t  ions of 
t b u  liriiiiidity field 1~1id 1 1 ~ 1  cloucl pic.turcls. 

11: t 110 Met eorologicxl Stttcll it11 Ilr~1~oratory, 
this ptvi)lem is being dtttcltad in  i~iiotli01~ wc~y. 
Tlio humidity field is not c.liciugc~t1, but i t  is tis- 
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sullied tliitt the clouds :we nn indic*titioii of the 
vert iciil mot ioii field. The verticid iizotioii field 
r t ~ n  be coiiiputed i i r  severid different wnys. The  
results froin the iiuniericnl prediction systeni 
that is used in the Wedlier I3urenu itre tic- 
repted. An nttenipt is iiittde to  see wlietlier the 
vert iciil motion field tliiit is computed from the 
eqwt ions of horizontnl motion irnd the liori- 
zontnl flow field tit the beginning of the fore- 
ci~s1,  period iigi*ec?s wit 11 the c4oud o1)servntions 
froin the scitellite. If it does not iagree, wiys 
are l ~ i i i g  stiidiecl to cliwige the iiiitiid hori- 
zoiitiil flow fielcl--pttrticulnrly in oceirii trretts- 
in such ti wny that the verticnl motion tirltl 
\voultl ngree with the cloud picst iires. 

The solution is not yet laio~vii be(-nuse this 
investigation is jiist beginning. 1Towever, it 
seems t h t  tliere is IL lot more infornitition to be 
obtched froin tlie lnrge-scale rloud pictures 
tlinii j i ist> the positions of synoptic pntteriis. 
With proper resew(+ niid invest igntion into 
t lie l)itsic iiatiire of the physics tlint produce the 
olond systeiiis, tliere is hope of l i t~ving nii im- 
porttriit input into iinnieric~itl weittlier predic- 
t ion inetliods. 

Tn tlie eni.1 iest plitrses of cyc*lonic syst enis it 
is oxpwted tliirt cycloiies will often form tts 
wivw oii piwxist iug fronts. IIowever, ~ t s  ftrr 
11s is I i i i o~v i i ,  there trre 110 good pictiires i'roni 
t l i ~  Traos serios of 11 wtrve 0 1 1  1111 exteiisive fron- 
t d systein. Figure 11-9, which is ti coiiiposite 
of picturcls from ttii At Ins rocket t litit wts fired 
in 1959, sliows wlint 11 wnvo iiiny look lilre. 
I'iitBrto I<ic.o, I11rit i ,  ('ul)ti, t l ie  eirste~w cwtrst of 
t l ie  I T i i i t d  States, iriid ti p1~1-t of the western 
A i t l t r n t  ic. O m r i i  ILIY? sliowi in the fignre. Tho 
~ v c 3  0 1 1  the fi*oiit 111 systeiii iiever did develop 
v ~ r y  n i u c h  The froiit 111 systeiii litis definitely 
1)ren distoi-tccl t o  t lie nort 1i i i i  t 1 i ~  i i i i i i i i i ~r  w l i i d i  
~ v o u l d  h t i w  1)cc~i i  cxlwtcld f i ~ m  the Norwepitin 
front $11 t 1icwrir.s oii iwve developmcnt. 

'l'Iiei*o is i r i i o t  her fwture which is interest iiig 

tind w1iic.h is ocwsionally swii i i i  T ~ a o s  pic- 
t iires. This is the (*loud p r t t e i . ~ ~  w l i i v l i  so~iie- 
t i i i i t~s  oiitliiiw itlit icylonic ~irens. I n  the riyion 
oi' 1111 it l it  icy~loiie, iiiitssive stixt iforin c~londs or 
c ~ m t  iiiiioiis l t i y ( ~  c*loutls iire not expect rvl ; liow- 
( ~ r ,  s111til1 c-uniulus c.londs n1.e ofttm nrriiyed in 
lilies. 'I'liese liiies often l i o  close to the wind 
direct ion, ~iltliougli how c~lose is sonlet i~iies 11 
qiiwt ioii .  Soiirtd i i i i c~s  t1ic.y do out line the liirger 
sc*irlc tint ic-yc.lonic* flow. 
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FIQURE 11-2. Momic assembled from nineteen frame8 crf Atlm moving pictures. Height mnge, 380 to 525 
nnutiwl mileg. 
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nostoli, CiLpe Cod, T201ig Tsltilld, itlid <'lies- 
npenke Jhy ,  with W:~sliiiigton to the west of the 
bay. The land is very white m d  the coastline 
is slitwp. An nren nlong tlie const, is nither 
dark and tJlien n white wen appmrs ngnin. The 
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FIQUEE 11-7. Isentropic chart for 300" K. Solid lines 
indicate pressure ; dashed linea indicate condensation 
pressure ; oo00 GMT, April 2,1960 ; shading indicates 
approximate area of saturation ; preslsure given in 
lo's of millibars. 

fore, it would be expected that cold air would 
continue to flow in behind the frontal system, 
and perhaps warm moist air would flow into 
tjhe region along the frontal system. 

Figure 11-7 shows an isentropic chart,, which 
is a good way to represent atmospheric condi- 
tions. The isentropic chart is a representation 
which is used to show the airflow in three di- 
mensions. I n  other words, the air is flowing up 
along a particular surface or down along a par- 
ticular surface in the atmosphere. This chart 
shows the position where the cold front was, 
just before coming into the cyclonic center. 
The isentropic surface has its highest point at 
400 millibars; in the south the surface is low at  
900 millibars. Thus, the moist air flowing from 
south to north along the line M is being lifted 
upward along the isentropic surface. This 
chart would indicate an agreement with the 
previous ideas that the cloud which represented 
the cold front (fig. 11-5) WRS indeed an area of 
upward flow of warm moist air  m d  that the 
cold dry air coming in from the west and south- 
west was actually air coming down toward the 
surface, subsiding and cutting into the cloudy 
region. 

As is well known, fronts are enormously com- 
plicated. British meteorologists have found 
that in many fronts, in addition to  the clouds 
which are not by any means uniform or stand- 
ard from one front to  another, there are dry 
areas. I n  addition, they find that in every 
front there are varying types of cloud systems. 
Thus, it could be assumed that in all major 
frontal systems, the air has had a history of up- 
ward motion coming from an area where the 
air was moist. 

The difficulty in studying cloud pictures is 
that, although the cloud development is instant- 
ly recorded, the cloud has gone through some 
history during its development. It is possible 
that although the cloud was produced in the ex- 
pected way, namely by upward motion of moist 
air, the cloud may, by the time it is observed, 
have been transported to a region where the mo- 
tion is downward, or perhaps just horizontal, 
and might persist for some time. Thus, it can- 
not, be certain that a cloud, observed a t  an in- 
stant in its development,, represents upward 
motion. 

An apparent finding made in one of the 
studies a t  the Meteorological Satellite Labora- 
tory is that if there is a cyclonic system which 
is still growing, in other words, if, a t  the upper 
levels (500 millibars and above), a closed iso- 
baric system or closed contour system has not 
formed, the cloud does represent very well the 
niujor regions of upward motion. I n  those 
cases it probably would be justifiable to assume 
that the cloud does represent a region of rising 
moist air. 

Figure 11-8 shows a storm (studied in de- 
tail in ref. 2) which is a little further in devel- 
opment. I n  this case, also, although observa- 
tional coverage is perhaps better than it is in 
some of the Southern Hemisphere oceans, de- 
tails are found which are not usually obtained 
from conventional reports. This figure rep- 
resents composite of pictures taken in the 
region of the Gulf of Alaska. The cyclone is 
represented by an array of clouds surrounding 
a smaller cloudless area at  A .  It looks as 
though tJhe cold air has come around all the 
way into the cloud area and the spiral is more 
pronounced than the one shown in figure 11-6, 
suggesting a still further state of occlusion 
process of an older storm. The surprising item 
is the presence of the small vortexlike cloud 
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system at  G which is behind or to the west of 
the major cyclonic cloud system. There was 
no indication of this on any of the maps. The 
Gulf of Alaska area is by no means well re- 
ported. There is one radiosonde in an area 
about the size of the United States, so it is not 
too surprising that such a small-scale system 
in the circulation would be missed. It is pre- 
sumed that the system at G is the remainder of 
an old occlusion, still part of an older frontal 
system, the exact history of which is not known. 

Associated with the major cyclone is the main 
frontal system BO and the cloud DE which is 
separated from the main frontal system. Then, 
there are the more broken-up clouds at P, ar- 
rayed, in part, in sort of a circular pattern. I f  
the main cloud surrounding A is closely exam- 
ined, the streaks mentioned previously are seen. 
The impression is that this streaky cloud is 
lying above the broken-up clouds; in that case, 
the streaky cloud would represent the altostra- 
tus or cirrus overcast above the lower cloud 
deck. One opinion is that this pattern rep- 
resents, in this case, the cloud system in the 
cold air which is capped by a rather low-level 
inversion, say, an inversion below the 700-milli- 
bar level. The cellular types of clouds at  P 
will be discussed jn subsequent papers, 

What is interesting also in this picture is the 
cloud DE. The synoptic pat,tern that was as- 
sociated with this cloud represented the cy- 
clone and the cold front. On the cold front was 
a wave which was shown as very weak. 'Cloud 
D E  was analyzed as being associated with a 
wave system that is rat,her faraway. Had this 
picture been studied at  the time bhe analysis 
was made, perhaps that wave would have been 
given more emphasis; it turned out that  in the 
next 24 hours the wave did develop and be- 
come a major cyclone. 

Figure 11-9 (fig. 1 of ref. 2) is the synoptic 
pattern associated with the storm shown in 
figure 11-8. The heavy broken line is t:he or- 
bital path of the satellite. The pictures were 
taken at  the positions indicated by dots. The 
frontal system is .seen in the foregmund. The 
wave in the sout,hwest is outside the region of 
the picture. 

Figure 11-10 (fig. 5 (b) of ref. 2) shows part 
of the cyclonic system in the Gulf of Alaska 
and the associated surface chart. Note the 
frontal system. This frontal system, lying 
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FIOURE 11-9. Sea-level analysis with tmck of satellite 
indicated by heavy line. Circled doh indicate prin- 
cipal points of pictures and arrows show orientation 
of camera for each picture. oo00 QCT, 2 April 1960. 

more or less through the clouds, was substan- 
tiated by some surface reports. Therefore, 
the location of the frontal system was known. 
In  the case of the Midwest storm shown in 
figure 11-5, the clouds were on the edge of the 
front; that is, the clouds were almost entirely 
to the east of the cold front, in warm air. I n  
figure 11-10 the cloud system straddles the front 
tmd the cloud may actually be in cold air  to a 
large extent. Apparently, this situation was 
found often by the British meteorological flight, 
namely, that  the clouds could be in either place 
dthough, predominnnt,ly, they were in the warm 
air. 

This, perhaps, is anot,hef. fruitful field €or 
study of the detailed dynamics and structure 
of frontal systems in relation to their cloud pat- 
terns. Why, for example, do these various sys- 
tems exist and how can they be used to find the 
solutions needed to problems in forecasting and 
in basic understmding. From various studies 
i t  has been learned that these froiit,al systems 
usually represent regions of rather sharp tern- 
pemture gradients and it appetm that this is 
true also in these cases (figs. 11-5 and 11-10>. 
When the system gets very old, the temperature 
wntrast is by no uietms as great as i t  is in a 
younger system. 
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Figure 11-11 shows the u-pper air information 

In  this case the 

vertical motion was computed to  be upward, 
and also dashed lines which represent the which would be in agreement with the cloud 
regions of vertical motion. system. But, because of the break in the cloud, 
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again twe tlie two holes over the Bay of Bisci~y 
mid the brolreii cloud pntteni. The :irrow is 
mnpped tit about 50" iiortli tint1 20" west. It 
seemed reiwoiinble to suspect that the rold soiirre 
wliicli w\'ns feeding this storm liitd been cut off 
because cloud 1 1 0 ~  snrrouiided t lie storm coni- 
pletely. It turned oiit tliitt tliis' region \ v : ~  its- 
socinted with n very deep roltl niriiiiiss which 
extended to the tropopiise. Iii tlie region to 
tlie enst ~ i t l  llortlieitst, wttrrii moist ibir \\'its 
flowing. 

Figure 11-14 is the set~-Ievel clini-t associibted 
with figure 11-12. 'I'lie 1i:ttclied nrett is the 
striitiforin cloud that surroundcd t he storin in 
the pict,ures. It Iii~s been included for piii*l~osees 
of orientat ioii with regnrtl to t lie syiiopt ic fen- 
tiires. The low center is i w y  ~ictir t lie :irro\v ; 
in the c*ent rid region rill rcports slio~vad c~louds 
wit 11 vert icitl clevelopincnt, ruiiiiiloaiml)iis, iilid 
cuniulns congestus, biit no overritst coiitlit ions. 
In  the region wliere tlie frontd systciri is lo- 

cnted, till reports iiidicntcd yrncticnlly overcast 
conditions, or at  least nine-tenths coverage, 
with various strntiiorni clouds; these reports 
inerely sliow tl int tlie siitellite pictures iigree 
with the siirfice observer. 'l'lie detwils of the 
pat tern could not be obtitiiied in ~iny wny other 
thwi f'roni tlie satellite. Tlia iiittjor cloiid sys- 
tem \viis k~iowii,  of coiirse, from convent ionill 
observttt ioii. The front 1x1 system was very dif- 
ficult to 1oatLte nccurtitely becituso of the fnct 
that it wns a. rr~tlier old systeiii :tiid the contmst 
bet ~ v e m  nirninsses ivns very weiili. However, 
tdie aiiiLlysts plttced the fi*oiit more or less in the 
iriiddlc of the clontl syst eiii, using t lie theory 
tliiit in  the older systems the clouds do not f d l  
right on the edge of the front iis they do iii 
growing vigorons cold fronts. 

Sigiire 11-15 slio\vs the 500-1iiillil)i~r clitirt. 
It, sliows, tis cxpccteti, t ht t  t here wis witr~il 
moist air flowing nrouiid tdie cyclone. Figiire 
11-16, which is tlie isentropic clinrt, shows tlic 



FIQURE 11-15. 600-millibar chart for 1200 GMT, April 2, 1060. Solid lines are 200-foot contours; dashed lines 
are isothenns: dewwint teniveraturw ore shown at lower left of each station circle. 

:iirflow more c*letirly. Tlie wirm moist nir wis 
flowing u p  the isentropic surf:Lce froin the 

or of the storm iiiid cyclonic*:dly 
; L I * O U I I ~  To tlie nortli reports were rewived 
from two sliips (ships I iintl. ,J). The v;Lriii- 
tioii of wintl with lir~iglit, at tliese ship locxt ions 
sliows tliat tliis iwrin moist “toi~giie” flows be- 
t ween tlic stations. This :igrees very well with 
tlie pict iwes of tlie c*lontls foririiiig tlie : ir i~)w- 
sli:ipr(l 1)rojec.t i o i i ,  wit11 t l i e  iiioist \v:ii-iri air 
flowing : i i -oi i i i ( l  t Iir c-yc*loiic. 

Ti) tlie c.eiitei* of tho iriiiss is :I very high :tiid 

coltl (lonie of :iir, c.oi.i,(.spoi~(liiig to t l i e  1)rolteii 
regioii showi i i i  figiirc 11-18. h i  the regioii 
to tlie iiortli\vest c-oiiditioiis tire somewht  more 
:imbipuous and i t  is unt.ert;iin, 0 1 1  the hsis of 
these data at least, t1i:it there is :L flow of warm 
moist air. Ho\v-ever., t l i e  pi*esence of the cloud, 
uriless i t  is one of those C:LSPS wlier*e the c l o i ~ t l  
was formed under one regirne :ind now is grad- 

60 

ually moving out into niiotlier (which does not 
seeni likely in sucli ;in extended frontal system), 
would iiidicate R region where the motion is 
upw:Lrd but, perliaps not so strongly upward 
:LS in some of tlie other regions where i t  is very 
clenrly indic:ited. 

One other point is worth nieiit ioning. In 
the regioii of the cdd front, there is a deep 
cold mtiss of air whicli is sliowi in figure 11-16 
:iiicl nlso warm air :Lliend of the mass. It is 
known that if air is Mowiiig around the cyclone, 
and in such ti rn:i111iw tliat, it  is flowing around 
the coltl tiir :iIso, tlicii t l ie  tlierm:il wiiitl q u a -  
t ion requires t h i t  the wind should iiicrense in 
mngtiitude wi th  Iieiglit ; t l i t b t  is, the speed of 
the w h c l  shoultl iiicrense with height. 

Tllis woulcl meiiii t h t ,  if !lie i*egioiis mliere 
(:old air lies iiext, to wirm air could be found 
in  cloid pictures, tis iii(leet1 they ctin in this 
case, it would be known that somewliere in the 





FIGURE 11-17. Vertical motion chart for 600 millibars at 1200 GMT, April 2, 1960, computed by .JN\VP unit. 
Units are cm/sec; a plu8 denotes upward motion; a minus denotes downward motion. 

general sense, the region of strong winds aloft 
can be located. 

Figure 11-17 shows the vertical mot,ion field 
as it was computed by the 1J.S. Weather BU- 
reau numerical prediction unit, on ths basis of 
what was believed to be the horieont,al wind 
field :Lt the beginning of a p:~rticuIlar* forecast 
period. I n  the middle of the region sur- 
rounded by stratiform cloud there is :L region 
of downward motion which agrees with the 
belief that this is not :L region of little motion 
on the isentropic surface. On the other h:~iid, 
to the right, or west, of the :iri*ow there is still 
a very weak upwnrd motion. By contrast, 
there is stroiig upwirtl mot ioii iie:~r 37' nor.tli 
and 13' westi. This region, :ic~oi.ding to the 
flow in the (:loud, \voiiltl 1)rob:il)ly i*q)resriit :L 
larger upw:Lrd motion th:in sho\rn. I'erlirtps 
more important is that the region centered near 
37" north, 25" west, which lies adjacent to the 
one just, mentioned, shows :L s? rong downwwd 
motion and is a region where substaotial cloudi- 
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W E A T H E R  M A P ,  M A Y  20, 1960,  W I T H  T I R O S  C L O U D  D A T A  
FIGURE 11-19. Cloud mosnic and matching wenthor I ~ I I I D ,  May 20, 13HiO. 
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LEVI, Israel: In the same context, with respect to correction of the vertical motion flelds from clouds, I feel 
tha t  i t  would be rather  difficult t o  get the correct picture knowing that  extensive stratocumulus decks, for 
instance, often cannot be differentiated from extensive altocumulus decks. The considerable difference in  height 
might mislead us quite a lot in  that  case. 

FRITZ: Yes, that  i s  a very important point. I think if we had only the ?loud pictures, that  would be a rather 
serious handicap, although perhaps not hopeless. However, we have now another tool which ]nay help: the 
satellite radiation measurements, which will be discussed in subsequent papers. With the aid of these radiation 
measurements, we have a possibility of estimating whether the cloud is very high or very low, at least to  
differentiate between extensive stratus decks, say with a top of 5,000 feet, and extensive altostratus, with a top 
Of 15,000 or 20,OOO feet. We have a very good prospect of being able to detect large differences with radiation 
measurements. When we get to the point where that  becomes operational, the objection which you mentioned, 
which i s  a very serious one, may, in  par t  a t  least, be overcome. 

PATRICK: Are the bright spots which are  shown in the observations due to short waves reflected to the satel- 
lite? I n  certain areas there a r e  desert regions, for example, the Sahara in  Africa. Some of the meteorologists 
in countries toward the south of Africa will be intere&d in focusing on things like dust haze. In  that  case 
will it be possible to distinguish in the pictures between the tyge of radiation reflected from the dust haze and 
that  from thin clouds, and will dust haze be distinguishable from the ordinary sand in  the desert? 

Perhaps i t  would be a very good thing for 
sonieone from that  area to  investigate the TIROB pictures to see what can be done. I have studied a few pictures 
along the Mediterranean, African coasts in  the  area of Libya and Tunisia, and I have exanlined the ground 
features. I n  those cases there were no clouds, and one could see very clearly the sand dunes in the land features. 
The sand dunes them.selves have enough contrast with the surrounding terrain so that  one can detect them. 
On the other hand, along the Mediterranean coast, there were ~ n i a l l  white spots, which looked like small cumulus 
clouds. It is doubtful that the clouds could be checked from surface data, but there probably were Hmall CUmUlUR 
cloud streets. Several meteorologists who have looked at those white spots have thought that  they were cumulus 
clouds which you could see against the very bright ground whivh lies not far from the Mediterranean coa& But 
what a n  extensive cloud deck would look like, I ani not a t  all sure. 

RASOOL, Institute for Space Studies : I want to  ask about the polarization ineasurenients froin the top of the 
clouds. Dust would not make any difference to the albedo, would it? 

FRITZ: It might. We do not have any polarization measurements. However, I would suppose, from sug. 
gestions that  have been put  forth about the estimate of cloud tops by measuring polarization, that  if the degree 
of polarization were measured, looking down, a n  estimate of cloud heights could be obttiined. The idea is that  
the a i r  lying between the satellite and the cloud would polarize the light and tha t  the amount of I)olul?zation 
would depend on the amount of a i r  which lies between the sntellite and the rloud. If this would work, then onc 
could distinguish, for example, between a cloud which was high and dust which, I presume, would not be 80 high. 
R u t  we do not have any information about that. 

FRITZ: Actually, I do not know the answer to your question. 

RASOOL: Could the droplet size be obtained by polarization? 
FRITZ: I do not know. 
LANCLO, WMO : Have you thought of any program to coinpare the cloud observations obtnined by c20nventional 

means, a network of the densest type as i n  Europe, with cloud observations froin satellites? I I t ~ v e  you thought 
of any program like that  of Professor Bergeron who has for many yefirs prtqmxcd that  the whole method of 
cloud ob8ervations by normal ineteorologlcal stations be revised, in the sense that  they a re  riot really giving 
what they ought to give? 

FRITZ: Wo have not considered the Ruroperin network. I m i  hoping that  the Iii('tt1orologlsts in ICurope will 
give the problem serious thought. Hut we hnve Iqolietl rather c4oselg l i t  the  n(bt\vorks in the 1Jnitml States and 
Mr. II:ricksion, in paper 12, is going to cliscwcr topics relrited to  pour quest ion, nainely, wlitit is  the relittion 
between what is seen in thca sritellitr 1)icture cintl whtit is s w n  from t h c b  siirfacv nntl, rilsi~, whtit is seen from 
airplanes. Boinetiiiies, fieltls of siiiiill cuniiilus doucls t i s  ~ f ' t ~ i i  by l h c ~  strtc4itc~ niriy t ip l iww t i s  hrize or t i  thin 
cirrus froni the ground. Alstr iiritltv cwnsitlrrril i o l i  t i  re c.cMlrs for defillillg tht. 
(.lout1 systems picturetl by satellitc9. There drfinitt~ly is 11 11cc.c~ for c*lnssifying elo11tl lint ferns 11s wen froln 
satellites in trrnis of the I)hgsic*nl prctc*essc.s prodwing the Iintterns. 

TEPPER: If I iriuy :icltl a few reniarks relritive to the question : \\'e hiive In the l 'nited Sli i t t~s I1 SeVC'I'e-StOrlii 

research grograni which cwiiilhes t i  very dense network of s1wfac.e ol)scrvtitions, H I H Y ~ ~ I I  ii11pW nir ok)nerVnt~ons, 
and a n  intensive aircraft and radar  prograni, In conjunction with this reHeUr(*h l)rogrtini, the Nlltellitth dllta will 
be u.sed to define cloud systems. 

This rclatiorishil) is hcing stiitlicvl. 
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12. INTERPRETATION OF CLOUD TYPES 
By C .  0. ERICKSON, Research Meteorologist, Meteorological Satellite Laboratory, US. Department of 

Commerce, Weather Bureau 

Care must be used in interpreting tlie images 
seen in sntellite pictures as specific types of 
clouds. Figure 12-1 is used as t u 1  introductioii 
to the recognit ion probleiiis tlint result froni 
pict iire degrntlntion c:iased by resolul ion :uid 
optictd fwtoi’s iiihereiit i n  n systeiii siicli :is tlie 
TIROB vidicon equipment. 

Figure 12-1 is ti photograph that litis been 
:crtificit~lIy treated to siinulnte ti television pic- 
ture :it three different levels of resolution. The 
original photograph, from wliicli tliese three 
xro derived, was tnlroii from n V-2 rocket over 
the Southwesteni United StrLtes at :in nltitude 
of about 146 miles. The tliree pictures in tlie 
figure represent t1in.t snine sceiie ns it would 
appear if trnnsmitted by television sciw lines 
whose width tit tlie ground nveniges for the 
photogrnplis from left to riglit, 1/4 mile, 1 mile, 
icnd 2 miles, respectively. The diflerencr, iii t lie 
p1iotogr:~phs is pronoiiiiced. Foi* :I line widt I1 

of 1h mile, the smnll- md iiirdium-sized 
cumulus clouds in tlie p1iotx)grrq)li tiiw c1e:irly 
visible. For :L line width of 1 iiiilo, tlirsu s ~ ~ i i i e  

clouds are 1)1ui*i*etl. For t~ line width of 2 iiiiles, 
only tlia gross features tiiv visible tind the iiidi- 
viduril cloud eleinent s ctiii iio longri* be seoii. 

Tho i.esolii1 ion ftwt 01’ is soiiicwlitit Illinlogous 
iii tlic Tiiios pictiirrs, ivliieli :ti*(> trtmiiiitlcd to 
enrtli by television. l’lie wid11i of rho s(xn 1iiic.s 

is not 1 1 1 ~  siiiiie ovei. tlifi’twiit port ions of the 
picture. In tlio wctt of 1 1 1 ~  sul)poiiit, wlirrc. 
the v:~iiiert~ is point iiig st iaiglit (lowii ,  t lie wid1 11 
of the sciiii lilies is brt\vceii 1 tuid l$$ iiiilrs. 
1 o\vt~i*(l tlio lioi*izoii t IN> line width is of the 
ortior of sevcwL1 iiiiles, owiiig to  t hc! ltii-ge iinglr 
of incidence iiiitl tlie grc.titc.1- dist imce of tlie 
stitellite froiii tlie surfwe of tlie enrtli. 

1 lie civerrige over1111 iwolut ion of widcwngle 
IIIWR pictiires is perlit~ps 3 miles. This iiieniis 
that tlic sniwller cloud features, wliicli ctui be 

r 1  

r 1  

f l  

seen from the ground nnd ~vliicli serve to iden- 
tify tlic cloud type to the ground observer in 
coiivriit ionnl obsrrvntions, often cniinot 1% sccii 
in Tmos pic( iiiw. Sucli fenturrs would include 
t ha wltocuinulus, str~itocumulus, ~ ( 1  siiirdl fnir- 
wunther cumulus ~loiids, d l  of wliich gei~erdly 
seein to be less thnn 1 inile in size. 

h field of sinrill fnir-wenther ciiiiiiiliis, ns 
iiioiitionctl i i i  pnper 11, soiiietimes 1001;s ns if i t  
iiiiglit br 11 thin sti.ntns deck. nulgiiig cuinu- 
Ius clou(ls, the Low 2 type iii the iiitcrnritionnl 
code, ciiniuloiiiinbiis. niid tliiuiderstoriiis jire 
Iiirgw nntl 11101’~ visihle, niid they tcnd iilso to 
cluster toget her. ‘l’liesr) dypes ILI’C visible in 
T~itos pictures, botli bc~ccinse they tiiw lwger in- 
dividually niid tmiiuse they often foriii cliistcrs. 
In other woids, cwnnliforiii nppetuancc is oft.eii 
on :L lrirgel. scnle t l i n i i  is visible f i u m  the 
grouiid. Tho sIme sort of lhiiig oc~~t~sioiii~1Iy is 
true in strntocuiiiiilns over tlic oceiiiis w1iei.o tlie 
npptireiit size of the elenioiit s in cloud pat terns 
seen in tho siLtellite pjctures is of the order of 
10 to 30 niiles 01’ iiiore, wherens tlie ordinnry 
st ixtocuinuIiis rolls ( l i n t  tire observed fro111 11ir 
ground tiiw of the older of linlf IL niilc or so. 

It hiis h e n  found t h t 8  the briglitaiess of 
clouds is tin i t l  to interpivttLtion only in 11 veiy 

inflnence briglitiiess iu tlio TIROS pivt iii‘cs. 

Sonic very gciiernl rules hn\7e been forniulntcld 
r~nd t licy nro perlinps ~ v l i r ~ t  iniglit, hive heit  

expect rd. Estrnsive bright cloiid iiitisses, those 
of t 1 i ~  order of Iiundrcds of iiiilcs ~icross, 
iisiiiLlly :we composed of cleiise strntifoi-iii (.loud. 
Siiiii11 bright cloud misses i i i  the form. of ir- 
regular p:ttclies often ront riin cui~iuloiiimbus or 
1 liuiiderstoriiis. Cloud iiiiisses of low briglit - 
iiess usiinlly nxy3 coniposed of cirrus or nlto- 
c111~~11111A 01’ perlitips SllllLll cllmulus clouds. 
Thidt cirrus is visible in Tiaos pictures but thiii 
c i I’ r ii s IL 1) pn re i i  t 1 y cn ii not be plio t ogrti plied . 
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LINE WIDTH =$MILE LINE WIDTH=I MILE LINE WlDTH=2 MILES 
FIGURE 12-1. Simulated image degradation. 
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13. TROPICAL CLOUDINESS, SEVERE STORMS, AND 
CONVECTIVE CELLS 

By L. F. HUBERT, Chief, Synoptic Meteorology Section, Meteorological Satellite Laboratory, U.S. Department 
of Commerce, Weather Bureau 
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FIGURE 13-1. Hiurface streamline analysis for 0000 QMT, May 11,lWO. 

is an attendant overnormal amount of middle 
cloudiness. This middle cloudiness is often the 
only clue to that disturbance. From the anal- 
ysis of the surftice map in tliis c:ise it W:IS 

deterrnined that there was perliaps some dis- 
turbance. A more specific nnalysis than that 
could not be obtained. 

Figure 13-52 shows an andysis 24 hours later 
in which the anticyclonic cell is still evident, 
as is the main convergence band. 

Figure 13-3 is :L composite of pictures rri:ttlt~ 

in two Tmos p:tsses over tliis :ii'e:t : i t  t~bout 0000 
(;MT, on May 11, l!)(X). Tlic picture mos:tics 
g:i\-e the coverage i i i  the i1wgiil:ir :ti*e:t out1 inetl 
011 tliis coiriposite. Tlie two rrios:iics I V ~ I T  rri:ide 
f roiri phot ogix plis t :i ken o 1 1 1  y :ibout 100 rrii I I  I I  t es, 
01' olle l):lss, :1p:11*1, 'rllrl~efolT?, :lily of 1 lie l : L l * p -  

scwle systems, wliicli c*oultl be c~xpec*tc~l to I:ist 
for iii:iny Iioiiw, shoultl k: visible 011  Ijotli sets 
of pictui.es. I t  c:tn be see11 t l i i i t  tlie nitijoi' 

posite pictures. Close to the equ:itor t h e  is 
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FIGURE 13-2. Suifnce streuuiline aunlysiv for 0000 OMT, May 12, 1960. 
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convection of the 30- to BO-mile-dinmeter rings ; 
observe the loctitioiis of these clouds. I t  1itLs 
ulreudy been mentioned tlirit many times these 
larger cells occur in cold tiir over the ocean ns 
IL cold front pushes south\v~ird. The wirmei. 
wt~ter surface drives the convection, and in tlie 
few cases documented by ship radiosonde, low- 
level inversions hive been found tit 5,000 to 
6,000 feet. Convection cells tire iilso found i l l  

uiiticycloiies over the ocenns. In tinticyclones 
the dowiiwtird vertical motion of the dyiininic 
high forms u subsidence inversion. If condi- 
tions tire ft~vortible for driving this convection 
from below, such tis cooling from the top of 
tlie cloud layer or \vtirming from the surfwe, 
convect ion will occur ill these tinticyclones but 
will be confined below the subsidence iiivei*sioii. 

Figure 18-14 sliows the synoptic surface clitiri 
tit, tlie time the pict lire in  figure 1:3-13 wtis ttiken. 
The center of the pi(.tui.e is mtirked I)y the cir- 
cled dot. This field w t i s  st iidied in reference 2. 
Very fortiintit ely, ail-crtift I i t d  relctised drop- 
sondes in  this tireti; thus, the sttibility \viis 

FIGURE 13-14. Surfam clualgsis 1800 QMT, April 4, 
1960, and center of pictiire, figure 13-12(n), indi- 
cated by circletl dot. 

inver- 
c~ocw- 
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FIOURE 13-16. Convcrtivc ( b e l l s  IWciirwl hg TIROR 111, 1840 GMT, July 22, 1961. 
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Question Period 

PATRICK, Nigerin : I wonder whether yoii iire csoordinntiiig the iiifoniintion froin rndnr, the midt.h-t+Iieight 
i*ntio of tliuridei.storiiis. This  clefiiiitely would give yoi; t i n  iden of the stnbility of the ntinosphere. Thiit iiiight 
be iiiuch more helpful to  you in  foriiiulntiiig wlintever new thpory yon wnnt. 

HIII~ERT: TJnfortunritely, n s  I indirntecl, most of tliesc very defliiit,e patterns linve 1)eeii obseriwl over tlie 
o(*etins, rind radar  inforinntion is very difflcwlt to ti1)tiiiii in  tliose iiiwis. I think thnt tis we obtnin niom mid 
more pictures, then certninlg we will USP mdnr nnd iiny other twls we (vi11 to study the stnbilitp of thew yntterns. 

MUSTAFA, Sudnn : The grent siiiiilriritg in both elouiliness cuid pnttcwi of linrrii*niies DelMe niitl ICsther rind 
fhc nlineiiient of the spirt11 1)niitls where the sl orins nre c.lose togrtlier \viis very fnstbinnting. I tliinlt on tlie 
iiieteoi.dogic*iil scnle tliey cwild he wnsidereil tis 1)eiiig tit  ciliiiost the ~ i n i e  point. This ~iiiglit suggest thn t 110s- 
sib137 hurriciinw do foriii 411 fnniilies. 

H U I I ~ ~ R T :  The indicntions so fnr nrc~ 1 lint they niny indcetl, 1)ut we hrivc~ only stnrtrd studying this. "liere nrr 
tit 1erist two series in 1'1itotl I11 where there i i re  pic*tures of the sniiie storm rind of tlie snrrounding n w n s  over 
severnl dnys. I think thtit your 
suggwtion is corrwt, that there nre fnniiliev of vortices. 

1 I\wndei* if N o i i i e  evide1wr 1ins I)Wii found n s  to whether this is SO. 

I think that 11s we study lhese we  ill be nble to doc~uiiic~nt this nsnodntion. 

036366 0-02--7 89 



Blank page r e t a i n e d  for p a g i n a t i o n  



141. PICTURE GRIDDING 
By C. L. BRISTOR, Chief, Computation Section, Meteorological Satellite Laboratory, U S .  Department of 

Commerce, Weather Bureau 
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B'mirim 14-3. Example of grid drawn by dutu Iilottrr. 

Figure 14-3 shows a sample of this type of grid. 
The grid is composed of 1" latitude and longi- 
tude lines. As much labeling as possible has 
been purposely eliminated in order to accelerate 
the drawing process. I n  the lower right corner 
the first number is the orbit number 700. The 
picture frame number is 38. The code digits 
refer to, first, the identifying readout station; 
second, the mode of readout (whether the pic- 
ture is recorded in a direct mode or from tape) ; 
and, third, the camera, camera 1 or camera 2. 

A latitude-longitude intersection point is 
selected near the center of the gridded area with 
appropriate labels on either side. The left- 
hand side is the latitude of this intersection, 
40" north; the right-hand side is the longitude, 
16" east. I n  order to identify which direction 
is north, a zero digit has been placed at  an in- 
tersection south of this point. I n  other words, 
an arrow may be imagined along the meridian 
with the zero being the tail and the arrow point- 
ing toward the north to the labeled p i n t  of 
intersection. Thus, orientation can be estab- 
lished and, given the latitude-longitude inter- 
val, all the lines in the grid can 'be labeled. The 
horizon line is at the top. Some of the latitude- 
longitude lines that are crowded in the fore- 
shortened region near the horizon have been 
purposely eliminated. 

The grids also contain some geography. 
Some 18,000 words of memory in the computer 
are devoted to  latitude and !ongitude points 
along the major coastlines of the world. ' f ie 
p idding  is still somewhat crude in this regard, 
since coastal points are specified to the nearest 

0.1". However, these coastlines are useful in 
placing the grids on the photographs. 

A discussion of the input requirements of 
the progrtmi and how it opertites follows. No 
:I( tempt will be made to describe the geometiy 
and mathematics of the progmm. Fundamen- 
tal input includes the 1:~titude :ind longitude of 
the subsatellite point ; ~ n d  the height of the 
vt:hicle :hove the surface of the etirth. This 
information is generated :is a function of time 
by the NASA TIROS Technical Control Center. 
Thus, if the shutter rwtivation time is known 
the position of the satellite may be obtained. 
Other input of primary importance is the atti- 
tude of the satellite which can be discussed with 
the aid of figure 14-4. The attitude is defined in 

POLE 

TSA.TERRESTRlAL SPIN AXIS 

TPP *TERRESTRIAL PRINCIPAL POINT 
RA *RIGHT ASCENSION 
8 .DECLINATION 
T =ARIES 

FIQURE 14-4. Attitude deflnition diagram. 

terms of celestinl coordinates and the conven- 
tion has been to reference the attitude to Aries. 
The coordinates are normnlly in  terms of right 
:~scension and declination. 13y using the geo- 
centric vector pointing toward Aries, the atti- 
tude of the satellite can be defined by a line 
~)arallel to the axis of the satellite extending 
through the center of the etirth. This line cnn 
be defined by its declination (6) from the 
Equator and by its right ascension (RA) meas- 
ured from Aries ( Y )  uround t,lie equator 
to the east. Obviously, if 'the time is known, 
the right ascension and declination can be con- 
verted into the equivnlent, latitude and longi- 
tude of the terrestritd spin nxis (TSA) point. 
Since the geocentric axis is erected parallel to 
the spin axis, the nttitude of the sntellite c t~n  
be expressed in terms of the naclir nngle be- 
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tweeii the subpoint, vecbtor and the principal 
iixis of tlie stttellite, this tingle being equal to 
the geocentric t~ngle bet ween the subpoint tind 
the spin axis point. The tittitude can be ex- 
pressed in terms of the azimuth of the great, 
circle arc which extends from the spin tixis 
point, (TSP) t hrougli the subpoint ; tlie mi- 
inuth is nietisured fi-om north t~romid to this 
grent, circle. 

I liere tire, t Iieii, severti1 opport i i i i i t  ies for es- 
pressing tlie tittitnde : i n  terms of tlie celestitil 
cwoidiiitites or the ltititude tind longitude of tlic 
spin tixis point, in  tei*ms of the ntidir tingle tind 
the tiziniut 11 tingles, 01’ eveii iu terms of tho  
ltit,itiitle tiiid longitude of the terrestrinl prin- 
cipcil point (TPP) wliere tlie optic wsis of the 
C I L I I I ~ ~ R  iiiteiwcts tlie etirtli. 

r 7  

TVitli t lie lielp of SOI~LC! slirtclles tlie ~iietliotl 

of coinpiit tit ioii ti in be follo\vetl. I4’igures 1-1-5 
t ind 1 4 4  will Iielp expltiiii the liiiktige bet \vceii 
initige loc*tit ion tiiicl onrt 11 loctit i o i i .  1 1 1  the ctisn 
of tlia printed outpiit pi*ogi*tiiii this tiiiioiiiits to 
t ixciiig ti point oi l  1110 iiiitige ~)ltiiie tli1-oiigli tlie 
lens system to  the etirth iiiteisect ion of tlie IXN 

iii  object, sptiw. If i t  is desired to trtiiisfrl* 1\11 

r, ?/ imtigo point t hrougli t lie distort ion systeni 
of the lens tuid tlie elect roiiic systeni of the 
stitellite, coiivei~sioii ~ i i u s t  be intitle into t l i o  po l t i r  
coortlintttes, tlriiot iiig ti ixditil tingle X 011  t l i e  
iiiittge pltin~? tiiid tlie length of the vector f i ~ o n i  
the ceiiter (I ii i  fig. 14-5). TVitli ’tliegr two 
ptirtimeters t lie distort ioii tti1)lt.s c’tiii be iisetl, 
eit her 1 1 1 0  sy~iiiiieti*ic tilone 0 1 ’  h t 1 1  syiiiiiict ric 
rim1 t~symmet,ic, to obtain object sptice pirtiiii- 
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in tlie plane of the subpoint and the optic axis. 
These component mgles :ire further projected 
so tliat the result is :i fiii;iI n:idir angle involv- 
ing the ray i n  question, the subpoint vector, 
tind :L fi11:iI azimuth :ingle a on the surface of 
the eiirtli from the meridixn around to the great 
circle to the point in question. 

With these two tingles known, figure 14-4 
ctin be restudied. Instetid of the p r i n ~ i p ~ 1  
point, ;in nrbitrtiry point (*it11 now be ini:iginetI 
011 the image pltiiie-:~ point for which tlie 
Iliidir :ind aziniutli 1ing1es luive h e n  tleterrriinetl 
i i i  line with tlie preceding discussioii. "lie con- 
version to 1:~t itude :ind longitude ('iil) now be 
\"Isu:Ll ized. ?'Ire n:itlir tingle is c~iver ted  to t i i i  

eqiiivalent geocentric :ingle w l i i c I i  1)econies t IN? 
lower side of the trinngle l'ole-'I'SI'-'I'l'l'. I3y 
using the geocentric :iiigle 0 a s  ti side, tlie wi- 
i r i i i t l i  :ingle :is a vertex, :ind the given coltititude 
of tlie subpoint HS itliotller side, this spliei*ic:d 
triangle (*:it1 be solved in  tlie ge~ie~.iil sense : i ~ i t l  

the ltititiide :ind longitiitle of ;iiiy point i1i;it 

is selec*tetl 0 1 1  tile iniitge pl;i~i(? (*i111 he oIA :titied 
The line-drawn code t1ia.t produced figure 14- 

3 11:~s been used to gride wme thousand or more 
pictures from TIROS I, ant1 i t  is expected to be 
used in the future to grid some 7,000 or 8,000 

TIROB 111 pictures. It runs on the 7090 corn- 
p u b r  in approximately 10 seconds, and the line- 
drawn output takes spproxim:~tely 2 minutes, 
depending upon the amount of earth-viewed 
mea. These codes are being amended to take 
into :mount asymmetric distortions. To date, 
the input information required to generate tlie 
:isynimetric component has been lacking, but 
this feature will be operational on a trial basis 
for the :Lrchivtil gridding of TIRQS I11 pictures. 
Some modificat,ions are also expected toward 
using this code in a more stretiinlined fashion 
for operational activities. It is planned to re- 
vise it for a similar t,ype of gridding for the 
Nimbus series and :dso for placing grids 011 

pictures which :we being recorded by an elec- 
tronic plioiofac'similo device. It is inlendecl 
also to use certain portions of these progrtiriis 
for the digital processing ant1 rec-t,ific:~tion of 
pi c t ures. 

I3rief mentioii may be made of :i similar 
gridding cod0 tliat, is in  use on very small com- 
puters :itj Wnllops Island and at, Point Mugu. 
Tlie gridding process need not, be done by :i 

1:ir.ge c*omputer. It, tlepends 011 the speed and 
flex ibil i ty desired. 
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15. USE OF TIROS PICTURES IN CURRENT SYNOPTIC ANALYSIS 
By JAY S.  WINSTON, Chiel, Planetary Meteorology Seclion, MeLeoro1ogica.l Satellite Laboratory, US. 
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FIGURE X+l. Picturo programing, nrquixition, prorcxxing, nnd dix~eminntion for opcrnf ionnl IIRP. 



optimum that can be obtained in a given day 
with TIROS aiid with the reiidout stations 
located in Virginia aiid California. 

Iluring the operation of TIROS I11 an ntteinpt 
was made to test a ~ i  experimental operational 
program. Meteorologists were on duty at, Suit- 
land whenever TIRO~ pictures wem being 
received. These meteorologists studied the 
nephanalyses, and occnsionslly a few selected 
pictures obtttined via photof ttcsimile, in mln- 
tion to the surface and upper air maps pre- 
pared by the N d o n a l  Meteorologicd Center 
(NMC) . When there WLS infoimntioii of 
special interest, immediute consultntioiis were 
held with NMC imtlysts niid forecasters. As a 
result mitny rnodificntions were made in t,he 
inup analyses and soinet>imes the stitellite datn 
were itviiilnble before some of the conveiitioiial 
Northern Hemisphere dtttn. 

Several types of inodificatiol~s were made. 
The most spectacular chnnges during Septeni- 

ber 1961 involved tropicnl vortices. Hurri- 
canes we1-0 very well detected by TIROS 111. 
T w o  of t,lie most significant findings tire shown 
in figure 15-3. On September 10, 1961, in ti 

single set, of pictures TIROS 111 viewed Iiurri- 
cnne Debbie and LL new vortex fiirtlier south- 
eastwnrd. The latter turned out to be the first 
Atlniit,ic hurricnne discovered by T~ROS-INW- 
rictine Esther. Figure 15-3 is the picture tlint 
was obtained on that dny; from the picture I\ 

well-defined vortex would probiibly be sus- 
pected, nltliouglit~ it would be uncertnin whether 
I L  Iiurrict~ne wiis indicated ntj tlint time. The 
conventional datu were so spnrse tlitit, without 
t liese pictures, n dist,urbnnce would not liave 
h e n  suspected. 

('onsider l i u ~ ~ i c t ~ n e  1)ebbie niore c*arefully. 
1)el)biu liiid tilretidy l ) t w  discwvtmd vrossiiig 
t lie ('iipe Veide Islnntls sevtwcil diiys etirlier. 
,Ifter i t  left the ( ' l i p  17ertte lslanc-ls i t  wis es- 
seiit ially lost siiic*t. tlic~rt~ \WIV 1 1 0  ship rtq)orts 

F~ourrp: 18-2. Uoinlmsite of nephnnalyses derived froin TYROS 111 pictures in 1 day of operations, August 16-17, 
1061. 
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FIOUSE 15-7. Comparison of conventional nephanalysis (May 9, 1900, OOOO2) with TIBOS I nephanalyds 
(May 8, 1960, 21452). 

tion can be of great importance for aircraft 
operations for many hours after pictures are 
obtained. 

Figure 15-8 shows TIROS 111 pictures of 
cloudiness over the Gulf of Mexico on 2 days, 
July 18, 1961, 1800 GMT, and July 20, 1961, 
1800 GMT. I n  general, the surface map an- 
alyses for these 2 days do not show any vast clif- 
ferences. However, there WRS an easterly W R V ( ~  

near Yucatan on .July 18, whereas on ,July 20 
there was generiil sont1ie:ist anticyclonic flow 
t,hrougli much of the gulf region. From the 
ship reports, the surfncp m:ip tinalysis, 01’ even 
the upper air  ;intilysis m:iny meteorologists 
would probably have been ulitit)le to deduce t11:iI 
there wis any difference in cloud (*over over the 
Gulf of Mexico 011 these 2 days. 0 1 1  ,July 18 tho 
picture shows that most of the ;ire:i c4ould be 
characterized as covered by scattered cumuli- 
form cloudiness with R few widely scattered 
cumulonimbus clouds. Two days ]:tier t lie area 
cloudiness was greatly increased ; there were 
remnants of the strong easterly wave that was 
over Yucatan 2 days earlier. A large area of 
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bright cloucliness 11:id inovecl into tlie gulf. 
Much of this undoubtedly consists of rat Iier 
thick middle clouds but also cumuliform ele- 
ments seem io be embedded in the cloudy area. 
This broken to overcwt cloudiness covers :i very 
large nreti, a rritijor portion of tlie Gulf of 
Mexico. This is :L p~;iphic example of wlint cnn 
be obttiined from ‘I’IROS pic1 u i w  ttnd how con- 
vention:tl d:it:i o f t w  ftiil to give triie wetit her 
cwntlit ions. 

Figill-e I&-!) is i l  1)ic.t I I I ’ C ~  of 14’loritlii \v i l l i  CU- 
mill i fomi cloucliness :wtl cun1ulo1i inibiis (*ells 
o vel. I Y I 11 ~ 1 1  of IT 1 ori dii. TI I e I 11  OS^ i 111p0rt I 1 
feilt I I W  i o  IW ~ ~ o t t d  is the ii1)1)~i1~1it extension of 
c.niiiiiloiiiinlrus activity west wird froti1 111~011t t lie 
T : i m p  :ireti. This cumulonimbus :ict ivity, 
wliicli might be i ~ i t e r p i v t c d  :ts :i S(llliil1 line, ex- 
i cwds t i  fcw hundred niilos \vest ivartl from the 
west, coast of I4oridti into tin tii’cw of very few 
ship reports, tind wliere the surface flow is :inti- 
cyclonic but, weiLk. If :in iiircwift were pi’o- 
ceeding west-east in this :wen i t  \voulti be rather 
foolish for the pilot to fly i l l  the squall line; it 
would be obvious from tlie picture that the flight 



JULY 18, 1961 1800 Z 

JULY 20, 1961 1800 t 
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wenther for the Atlnntic air routes is forecast. 
During the useful life of TIROS 111, when 
nepliiindyses were received by fncsimile, copies 
were given to the crews of flights going iwross 
the Atliuitic. The response, in general, it is re- 
ported, lins been ex1 remely enthusiastic. Tlieso 
neplinnnlyses gnve tlie flight crews much more 
detail of cloud systems tlittn they norinttlly 
would have liitd in any other way. Ypecificiilly 
mentioned in this report is tlie route between 
New York and Dakar. For other routes across 
the Atlnntic IL wenther depiction chnrt obtnined 
froin stnndnrd observations is norinally pro- 
vided. For the New York to Diikar route, how- 
ever, preparation of such it clicirt is not feasible 

due to the lack of dntn. When TIROS nephan- 
alyses \\-ere avnilable, copies were given to the 
crews. Although few iiepllanttlyses were nrnil- 
able they provided n fine portreynl of the clouds 
1x11 the wny ticross tlie Atlantic. 

Tlieso neplinnnlyses linve been a\-nilnble n t  
Suit ltind tind on fncsilnile networks on the 
order of 2 to 4 hours nfler tlie observations were 
intide. These diitii ctin be given to tlie pilots 
witliiii perliitps imother hour nfter receipt at 
the forecast office. Thus, if n flight hnppened 
to depart nfter 4 liouis nfter n nopliannlysis 
wns received it could be the most, up-to-date 
i ~ n d  coinprehensive datu on cloudiness that 
could be obtained for that oceanic flight. 
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I examined the  upper a i r  charts for the July 18 and 20 case (fig. 15-8). I do not remember any significant 
difference in the upper a i r  charts over tha t  mea for the,% 2 days. I do not think there was niurh indication 
of an easterly trough over the Gulf of Mexicso. It w:is practically lost, so far as I can remeui1)er. So the  upper 
air (lata would have been no better than the  surface data  in this particular case. 

In  1111 our 
investigations we are attempting to correlate the pictures with the si1rfac.e ant1 u~qwr  a i r  (.harts in n coordinated 
fashion. We hope that  perhaps the greatewt use of these pic*tures, nt lens1 in c*onnec.tion with niinierical weather 
~reclic~tion, might be in relocating upper a i r  troughs and other feritures of the niidtroImphere (.harts. 

In  regard tn the other qiiest ions, for insttintbe the rotling of the tclet ype niessages, I think these idens should 
be taken under aclviseinent. We t ry  to  improve these coilcs, when possible, as weaknesses bwoi~ie evident. 

D. S. JOIINSON: The points r:iised by Dr. I'allniaii about the eode and the clelny in coniniunirations can per- 
haps be discuswl by Mr. A. W. .Johnson. 

A. w. JOHNSON: On the matter of the code, the niajor change that is conteinplatwl in a condensation of the 
code to eliminate the repetition of the letters A, n, C, and so forth, and to  indicate simply the number of times 
that  these letters will occur in succession. I will discuss this cwle more fully in a snhseqnent pnper. The code 
will be distributed through the WMO. A certain amount of internationril agreement must he secured before it is  
iinplernented. Although we tire reluctant to have wtill another new code for the next TIROB while there is a 
possibility tfiat fiirt her rwision might he necessary, the problem of short c.oriiriiunit.ations t,iine has  irinde it 
necessary to condense the present code. Thus, there will he a new code for T I ~ H  I V  which we holre will be 
intenlationally adopted. 

We are very disturbed uhont the inu~lequucies of international nieteorologicril coiiimunitvitions and have 
some Irormsnls to mike. We arc :it)le to get the product to Buitlrind rather proniptly. Mr. TT'inston and others 
have shown that i t  is of operational use in the analysis center. So we feel i t  iw necwsary, on the premise tha t  
the neph:inaly.ws iiiny be useful internritionally, to find a hetter nienns of (list rihiit ion from Suitlaiicl. It is  this 
probleiii that  we :ire discwsing with Mr. navies and Dr. JAangltr of the \t7R10 and with coriirriunicritionH :igerwleH 
in the I'nitetl States and in the Southern IIeri!isr)hcw. I think the (vise of the 12-hour ilelas is not 81 usual one. 
?'he inforiiiation is scheduled :it periodic intervals on a Weather nurenu ( WBR) broridctist froin Miami. 

MOLIVERO, Honduras : I t  is true that. to shorten the code. the number of tiiiies the lotter A for  cxaniple would 
nppcar along ti latitude line c*onltl iw given. 'l'hhnt would he v c ~ y  uslefnl where the c-ontlitioii is overcvist,. But if 
there :Ire sctittercd clouds, I do not think the systcwi would he effective hcwiuse the rtq~)rt would i w t l  two t i n m  
the I(>tter A and once the letter I3 :iiid so forth : thus. this c l ( 4 c ~  would no1 serve to shorten the trtiiisluiission. 

I n  1Iontlur:is t h c s  wded T u w s  ne1ih:inalyses art' considerptl very usc4ul. IIowever, one of the biggest prohleiiis 
h n s  b e ~ n  the irrcgulurit y in receiving these nnrilyses. The (*ode is recvivc.tf when our iireii is  iiicbliiclcrl in  the 
TIIWR observations. IVe use thcb data  at our own lrititiicles, froin ahout 50" west. An wst t~r ly  w n v ~  cwuld 
~)rohably be iclrntifietl during July through 1)eremt)er when xiic*h w:iv~~x tire very (*oiii~nori. The very rough 
weather rissociated with the wster ly  wuve'x iiiukeH iilentifl(*citiori relntivt4y wixy. Jus t  once or twive the cwde 
received from Jliwrii l:ic*ked the heading, but that WBH not very coinnion. 

I have used these codes inany times and find that  the lnck of cloud-type identification niakex i t  very difficult 
to determine the difference between a n  overcaut of curiiulonimbus or an overctiut of cwnulus, friir-weather 
cumulus, or stratus. 

'We do not mean to give the iinpression thnt we use only surfare iiiiip~ in our investigations. 
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has a, much lowor resolution than t h e  fivcdinn- 
r. The fi ve-rh:mnel iiist riimerit 

is able to resolve :L squ:~re of J)out, 60 kilo- 
meters on +lie wrth. The wide-field rxdiome- 
ter sees the whole disk of the ewth iindernenth 
tho sr~follite; i t  c.onsists of t wo cones, one with 
:I, dctwtor pirited white, whicli is sensit,ive only 
to jnfrared r:di:it ion and w ~ i i d i  roflocls visible 
r:itli:Lt ion, ant1 orw wifh ii tlc 
black. T h i s  liitter one is sensitive to the total 
r:idint ion rereivotl. The ex:iat workings of this 
instrurnrBnt will he tliswsad suhseqiient ly. 

1 he fiv~~-chxrinel or swnniiig high-rrsolirt ion 
r. is sliowii i n  detail in figirrc? tG-3 .  

I h e  \ r i c h w i n g  ports for. t 1w in t l i  v id iml  five spec- 
tral regions of the w~ll side can bo seen on 
thr! bottom. 

Figures 16-4 ;ind 16-5 define ;ind descrihe fhc 
spc~:t r:cl regions in whicli tlie live-channel in- 
qtrurnent, is sensitive. Figure I(i-4 shows the 
stvisitivify of ch:irrnels 3 : tr i t l  5 t o  r.cflt 
tion from the earth. Charinel :: i s  sensitive 
frorn :ihont 0.2 micron to ahout 6 microns. 
(Ji:mriel 5 is sensit ive fmm :il)oiit 0.5 micron 
fo ahout 0.8 rnicron. 7'hc r-e:isori wliy tlicscb t w o  
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regions were chosen is the following. Channel 
3 was intended to encompnss tlie total reflected 
sunlight, from the earth. Clinnnel 5 wns in- 
tended to be sensitive iiear the actunl innximum 
spectral intensity of sunlight. There is also 
a more practical reason for selecting this nar- 
row spectral region ; tlie spectrd sensitivity of 
this cliannel is very close to tlie spectml sensi- 
tivi ty of the t elevision cnmertis onboard the 
same satellite. The spectral curves (figs. 1G-4 
and 16-5) are somewhat stylized in the sense 
that they do not show some of the erratic re- 
sponse occurring outside these bands. The 
reason is thnt, the curves were driiwn before 
an exact and precise knowledge of ilie spectral 
response of this instrument wtis obtained. This 
erratic response wt~s detected o~ily lifter rigor- 
ously calibrnting these inst ruments in tlie lab- 
oratory. Channel 5 ,  which already has n 
complicated response curve in the 0.5- to 0.8- 
micron range, also has a small but noticeable 
response farther vut in the 1-micron region. 
This makes the processing and tmiilyzing of 
the data nccordingly more complicated. 

Figure 16-5 sliows the infmred chnnnels or 
the three chnnnels sensitive to emitted rndintion 
from the earth.. Chnnnel 1 hns a very iinrrow 
peak in the 6.3-micron region. T h e  dashed 
lines show the trnnsmission characteristic of the 
atmosphere. In tlie 6.3-micron region tliere is 
practically no transmission; this is due to the 
absorption by water vapor in the atmosphere. 
Maximum t i t  mospheric trnnsmission occurs in 
the spectrrkl region in wliich chnnnel 2 is sensi- 
tive except for tlie dip nt tipproximntely 9.5 or 
9.6 microns, which is due to tlie nbsorption of 
ozone in the upper tit mosphere. However, tlie 
total energy in this nt mospheric t,rt~iismissioii 
dip is mtlier small compared with tlie total en- 
ergy in the spectrnl region for which this filter 
is sensitive. This region starts at nbont 8 nii- 
crons and extends to about 13 microns. After 
these curves mere drnwn, mo1.e precise cnlibrn- 
t ion iiidicnted that theioe is it slight response of 
this channel nt tibout 16 microns. It, wns hoped 
that this clinnnel would be n perfect “wiiidow~’ 
chtannel ; however, ILS the sprctrnl cn1il)rittion 
Iit~s shown, there is some response outside this 
window. There is, then, II minimum trnnsinis- 
sion tlirough the ntmosphere in the clii111nel 1 
region and a mnsiiniim trnnsmission in t lie 
cliniinel 2 region. 

I n  the third remaining infrared channel, 
clittniiel 4, n spectrrLl rnnge 11s brond tis possible, 
ext ending from tibout 7 niicrons to nbout 30 
microns, is chosen ; here, it is intended, to re- 
ceive the total thr~rnit~l energy emitted froin the 
eiirt 11. 

With the complicn.t,ed spectral ~wponses de- 
scribed it is n diflicult ttisk to obtnin n iiiettsure 
of rndintion from the electrical aiergy mens- 
ured at  the output of each channel. A idation- 
ship between received rndintion and measured 
output voltages must tlierefore be established 
experimentnlly. This is done in tli0 following 
ways. The infrared channels of the instrument 
are exposed to blnck-body targets wliose radia- 
tion teinpertituiw ni-e known piwisely. The 
output of tlie radiometer is recorded with vary- 
ing target tempeiwkures. This meniis tlint a 
1-to-1 coridation between the total energy 
emitted from the target m d  the output of the 
instrument, can be estddished. When tlie sntel- 
lite is i n  orbit the enrtli hkes  the plaice of the 
I)lnck-body twget, tind the elect ricnl output 
froin the instrument lifter deinodulat,ion can be 
expressed in terms of blnck-body tlargOt tem- 
peratures which in turn can be converted to 
rndiat ion energy received from the earth. This 
appronch, however, does not render a sntis- 
factory picture of the radiation einittod from 
the surface of the eiirtli or the atmosphere be- 
cause the radiation measured within the highly 
nonuii if orm spectral 1.0sponse of the inst rumen t 
(fig. 16-5) must be correltbted with the total 
rndi$ion emitted from a given altiude i q i o n  
of tlie ntmwp1iel.e of the enrtli in a given dirw- 
tion. A iiietliod to obtain such a correlation is 
described in paper 17. 

Figure 16-8 shows tho iiist d i n t  ion in the 
1thortLtory for expei*inientnlly cnlibrttting tlie 
visible clicinnels. h i  t lie visible (*li~innels, the 
reflect ed-light c~litinnels. the problem is some- 
wliat ditferent fiwn t lie tlieriiifll-cnlibrcitioii 
problem. A 1-1 0-1 corrr~sl)oiidei~ce between tlie 
riditttion froni the tiiiuget nnd tlie output of tlie 
inst rument ctinnot be obtniiietl tis siinply 11s i n  
tlis ctise of the infiared chnniiclls. well- 
cdibrtit cti soui*ce wliicli illuniinnt PS (L diffusing 
screen, simulating n reflecting cloud surfnce (fig. 
16-6) , must be used. The distnnce of the screen 
cwi be vnried tind, therefore, tlie intensity 
of tlie diffuse eniit ter or diffuse reflector, which 
is 11 specid type of piper, can bo wiried. This 
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F I ~ U H E  1 C X .  Ctilibration installtition for thr two visible-light rlirinriels of tho T I R ~ H  five-rhnnnel radiorri(~tcr. 
A 1.5-kilowatt di1)rzitccI tiingsten biill) shown in the ltbft side of lhr light. s i a n d  illiiiiiinritcw :I cliflnm pniier 
target mounted in the right si(k of thcl striritl. ‘I’hcr rritliornetw is inonntccl untlnrnt~tiih lhc iurigciic’n 1)1111) 
and shielded from dirwt light. 
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E’IUUBE 16-8. Typical curve showing the relationHhip between the voltage output of channel 2 of the scanning 
radiometer and the temperature of a black-bocly target viewed by the wanning bolirn of the radiometer. 
The reference beam at the mine time is looking a t  a black-body target at  liquid nitrogen teiiiperatures. 
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FIUURF: 16-9. Curve showing the relationship hetween 
black-btdy temperature TBE and energy W received 
by the radiometer. This relntionnhip i H  obtnined by 
integrntirig the theoreticnl black-body energy curve 
over the spectral range to  which the radiometer i R  
Hensi tive. 

tegr:ition hut :ilso makes i t  iiecess:ri*y to find u 
mat1iem:il ic:rl correlirtion bet ween the energy 
received under the filter fimction imcl the 
eaergy emitted by the earth witliiii the spectrnl 
rnnge of interest. As nieiitioiiecl previously, 
such H correlation will be discussed in ptrper 17 

14’ig~~t I f i - lO presents :L group OS eq11:rt ions 
showing the fniictioniiig of the wide-field radio- 
meter. The temperatures of the bltrck tiiid 

white sensors :we proport ionrrl to the energies 
r:rtli:rted to tlie se~isors by tlie target, wliicli will 
be the earth, 1ri1d by the Iiousiiig of tlie sensor 
itself, tis well to the 1ie:it conduction from tlie 
Iiousiiig to tlie sensor. This energy reliitioii is 
simply :L proportiondity exl”.essing the b:i~rince 
of incoming t r n d  outgoing energies :kt ewli de- 
tector. I n  these equntioiis tliere w e  four con- 
st:tnts of proportioiitility for each the 1)ltick :rnd 
the white coiie which inust be tleterniined i n  
the 1ubor:rtor.y. First,, encli cone is cdihrttted 
with t,herm:rl raditrtioii in the infrtrred o~ily 
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FIQURE 16-10. Wquntions slmving the functioning of t,he widofleld mdiometer. 

nels. Tlie bottoiii chiinnel is simply n timing 
clinnnel. It sliows siiii pulses which the sntel- 
lite picks up by sccinning the siin, cuid ns the 
satellite moves into tlie slindo\v of the earth 
t liese si111 pulses disttppeitr. This itcord is 
very close ( o  either suiirise or sunsot ~iiid, tlie1.e- 
fore, the visible cliniinels receive no light. The 
top fiw trtices show the sigiinls obtained from 
tlie high-resolution rndioineter, trnces 3 tirid 5 
being the visible clinniiels. 'l'lie iiif rnred chnn- 
iiels (trtices 1, 2, tind 4 from tl10 top of tho 
figiirc) , liowerer, recei re very strong sigiinls; 
oiio of tliese cliriiiiiels will be sliowi subse- 
q w i i  tly o i i  i i i i  riiltirged record. Tho sigii:ils 
froin (lie wide-field rtidioineter (trnce 6 )  nia  
of interest lic?rt>. They III'C s e ~ i  in  tt coiiiiiiit- 
tntecl fttsliioii. 111 tlie groiips of tlii-ee dots the 
outside oiies ivliissent tlie teiiipernture of tlie 
bltwlt stwsoi' tind tlic (leiit el- one re1iiwelits t lie 
teiiiptlriitiiiv? of (lie wliite scrisor. These two 
teiiipriit iii*~s tire tit (litfrwnt ltwls, nntnrnlly, 
1)c~ctiiisc of t heir (liflwtwt spovt rid sciisii irit y. 
I lie volt iiges for etivli of tliese dots  are nietis- 
iircd iind then tho rqiittt ioiis prestwted in figuiw 
16-10 are s o l v d  for :ilbcclo iiitciisity rind for 
(yiivtileiit 1)lnck-l)otly tmpeixtiirc~ of 1111 tireti 
of t l i e  wr t l i  virwed undoriictitli tlie sntellite. 
1 his t i i w  is sci-crti1 11i1iidivd inilcs in nidiiis. 

I~'igiirc I(i-12 gives ti11 itlrti of tlic typicvd 
gtwiiiet i y .  I i i  o ~ c  posit ioii  ( top of pktiirc) tlic 

r ' l  

,, 
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FICWBE 16-11. A typical record of dnta transmitted from the TIROB radiation experiments. The top flve traces 
Rhow the rewinsw of tho flve-ehannel radiometer. Trnce~ 1, 2, and 4 from the top c-orrexlmntl to the three 
infrared channels ; traces 3 and 5 corrwIK)nd to the viMiblo channelx. The bottoln (.harmel ix n timing refer- 
ence. The Hecond channel from the bottom is coinmutated into vnrioua .wginents ant1 ceontains the inforinn- 
tion transmitted from the wide-field radioineter as well as “houselteeping” paminetem of the satellite, such 
as temperature and pressure. 

hottoni of the s:ttellite, the floor side, looks 
str:iight tlo~rii u p t  the etir-tli ; t Iterefore, tlir 
wide-field or low-iwolution rtitliorrieter views an 
area directly under the satellite. l‘lie five- 
c1i:irinel or rnediun~-resolutio~t rtidiometer, 
wliicli in th is  ctise sc:~ris tlirougli t l ie  floor side, 
describes :L circle :is the siltellife spitis; tho 
trtwes sc:tlined niay be seeti in  the figure. Tl1e 
otlter lx:m looking out through the wt11 side of 
the stitellite will see outer sp:ic.e. Since iio 

~xdiation is received i l l  this be:iin, this is the 
reference side. ’Uien, :is the stttellite progresses 
i n  orbit, : thout 1i:ilfwiy :irouiitl tlte e:irth i t  will 
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cyc~le, rnid owi* tlie otlirr port ioii i t  will look 
iiito outel. space. or this bcwiii l i t is tui-lied 
to s(wi outer sptive, the o t l i o i .  l)(wtii wliic*li looks 
out tlii*ougli t l ir  \vall  will sttit-1 to SCILII tlin 
ear( 11. There are, 1 lien, ~iltei*ii:it iw sweeps be- 
tween tlie wall si(](. atid tlie flooi. side tliii-ing oiie 
silt el 1 i t e rcvol ut ioii. 

Figure 18-18 shows n typictal pittern. This 
pat t ern \ w s  derived from t lie 8- to 12-aiicroii 
clituiiii~l. It TWS talieii uiider the coiidit ioii 
where the stat ellito wits "sidewnys;" in otlier 
words, the eiirtli wiis boing viewed t~lterticttely 
by the floor beam i~iid the wall betiin. The low- 
est sigiid level in figure 16-13 results \vlien 
L o t 1 1  betairis two looking into ontar spnce. As 
one side stiirts to see the e:wth tlie sigiird rises 
suddenly to IL fairly high level. Tlie s l e q  
trsnsients :it the beginning of tlio SCILII niid nt 
tlie end occui* ;is tho Iiorizon is scniiiied. ne- 
t,vveeti liorizons the l~eiiiii scniis tlio etirtli rind 
considorable ciet ail cnii be seeii. The vtarint,ion 
of tlie sigiitd riiriplitudo is due to cliiinges in the 
emission froin the onrtli. 

In terms of tlie blitclc body, the minimum 
t enipertatures would correspond to  nbont 250" 
IC to 280" IC. It is iLpproxiinntdy 4 to 5 volts 
in terms of out put of the instruinelit. Tho 
iiiiixiiiiuiii tenipcriatures c,orrcspontl to very 
iv i t t -~n spots. Apptirent ly, t lie iiist~winciit is 
viewing i~reiis of clear skies titid seiiws oquivri- 
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FIQURE 16-13. Oscillogram showing three consecutive skyearth scan# of channel 2 of the medium-resolution 
radiometer. The aniplitude is approximately proportional to the radiant energy received. 
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FIauRn 16-14.--8chematic diagram of the flow of radi- 
ation data during its courw of I)rcwewing. 

can be t:ipped oil' before the digital ttipe is pre- 
pared and just for checking purposes mie or two 
scans can be studied every d:iy to see tliiit t l i e  

satellite is st i l l  wo~*ki~ig  1)roperly t ~ i d  to  coli- 

duct :L m t ~ n i ~ a l  (1:bt:i nii:ilysis. 
Then, the digital tape is fed into the i*adia- 

tion program. At the same time the tracking 
information whicl~ goes through an orbital 
program is obtained from the minitrack sta- 
tions. The 7090 compul er rilso prepares t hese 
magnetic t:upes ant1 feeds t h i n  into this pro- 
gi.:Lm. 111 :&lition, attitude informatioil of the 
satellite or the orientation of the satellite, which 
ctm be obtained by various methods, is fed in. 
h brief introdixction to the methods of atti- 
tude informntion is given in paper 10 in which 
it is shown, how tlie maglietic field and gravi- 
tational effects 011 t he orient t i t  ion of the spin 
axis of the s:itellite :ire used to determine the 
attitude of the satellite. These effects can be 
ctiiculiited and, therefore, the : ~ t t  itude of the 
satellite cnn be predicted o r  calculated if the 
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FI~IJEE 16-16. Typical map produced by aut,oiiintic printer tlirougli prorcssing sho\vn in figure 10-14. The 
numbers accompnnied by n plus prefix indicnte the rndiiited eniittcinc~ of the surfncc of the enrth in watts 
per square ineter in a wnvelength regiob viewed by infrnred chniinel 2. A grid overlay must be uwd to 
determine the geographic coordinntes. 

iiecessiiry aiixilinry iiiforrnntioli is nvnilnble. 
The infrtired seiisors, tts they sciw 1110 Iiorizoii, 
can provide 11 t t i  t ude i i i  f orin IL t i on in depend- 
ently. The television pliotogriqAs caii nlso it id 
in providing tlie orient d o n  of the satellite if 
they sliow lundmarks. 

* i l l  lliis orientittion iiiforiiiiitioii feeds into 
ai1 attitude program, wliicli in t urii, provides 
an iinput to the ritdiatioii drkta program, which 
then combines all this infonnntion nnd puts out 
a final inngiietic tnpe. All these stages go 
through magnetic tapes. Nobody has to puiich 

cnrds or perform tiny siinilnr iiiriiiual clioiw. 
Actunl ptttteriis of riditition cnii be obtained 
from the iiiinl nieteoi~ologicd ritdintion tnpe by 
plnyiiig it bitclc t Iirongh 11 rligitd coniputer. 
Tlie coinpiiter is iieeded in order to print 11 list 
of the 1-ticlitit ion dntn tis II function of time, 
locnt ion,  tii id iiiigulnr reltit ioiisliips. A coni- 
puter progriim cnlled tlie printout progrmn per- 
f o r m  this listing, At tlie sniiie tiiiie iiinps may 
be plotted with ruiother progiam which per- 
foriiis the scnliiig niid coding necessary to print 
the datn in LL geogrupliic grid pntteiii. 
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The final meteorologicit1 fiidiiit ioii tapes, 
ratlier than j us t  being printed or ni:ipped, can 
also be used for more advanced studies. The 
radiation maps need not be printed out if in- 
terest centers on the totill Iieat budget of the 
earth. I n  that case, for instance, tlie data 
would be retained on tiirle :ind cnlcu1:itions 
would be progruniecl :tnd ~)erformed in the 
computer on the energy itv:til:tble in the v;irious 
spectral regions, the radiat ive transfer of this 
energy through various model atmospheres, all 
the complex integrntions, nnd so forth. Only 
the final data need to be printed. How m:iny 
programs there could be in order to digest, the 
c h t i t  presented h i  this so-ctillecl final tape is 
left to flie iniagin* ‘1 t ’  1011. 

plotted from the first 50 ustible orbits of Tinos 
IT. The numbers inclic*:tte r:tdi:ition emitted 
in (~lliilinel 2, which is the 8- to 12-niic.ron ch:in- 
nel, for :L given orbit over :i certttin ;Ireti of tlie 
ewth. The r:idi:tnt eniitt;uices from tlie snrfnce 
of the enrtli are expressed in watts per sqwire 
nieter. The geogriiphir locntion m n  be estab- 
lislied by using :tn over1:iy which shows the 
geogrtipliic features of tlie piirti(:ul:~r :tre;i :ind 
then hy determining tlie locations where these 
points fall. These tltitri :ire presented mid de- 
scribed in referenc*e ;3. ?‘he 1)ilr.t i~.11Iii1. Jxltt ern 
shown in figure 16-15 wis taken with TA:Lke 
Mic1iig:iii roiiglily i n  the (*enter of tlie picture. 
I n  t liat iireti rwliiit ion emitted froni tlie ewth 
w:is :il)oiit 40 \v:itts per srlii:ire meter. .I plioto- 
grapli 1:iken tlnring this same orhit m t l  p s s  
by the s:ttellite slio\\.s tliiit  t1ier.e \\‘its :i fr011t:tI 
p:iss;ige over  t lie ettstern I ‘nitetl States ii(*(*oin- 

pttnied hy ill1 overvtist, wliir.11 wiis ttpptrent ly 
very high wit 11 dense t*loutls becttuse they :tre 
bright. This tlecreiises the total r:itli:ition 
emitted O\.W tliilt :ire;i of tlie I’nitetl SItLtes 
(far riglit portion of fig. IS-15) by :il)oiit Ii:ilf 
of what it is over the cloudless areits to the 
west , 

It 

infr:iretl r:idititioii emitted from the e w t  11 i i i  ;ill 
c~liannels depends :il)ove till on tlie c~loud c o \ w  
iintl the w:iter-v;ipor content of tlie :itmospliere. 
(Jouds ttntl water \’iipor caontrol in it very re- 
mnrkilble way the total energy 1e:Lving the ewth 
:tiid also, nat 11r;i11y, tlie t ot:il rnergy refiecot et1 
l‘i*oni the earth. 

Figure 16-15 slio\vs 011e sittli1)le of tlie Iiiiil)s 

Many of t l i c w  in:ips hnve been statlicd. 
I I ~ L S  heen f01111d, for ilistiin(.e (ref. :$), tliiit t l ic .  

A very interesting study of t,hree particular 
cases 1i:is been niade tind is presented in refer- 
ence :j. The nrea cliosen w:is over the tropical 
ocean, off the shore of South Americ:i. The sky 
over this area was cloudless, or :is cloudless ILS 

can be found. Simult aneous television pictures 
were available with the data. received from the 
five-c1i:innel radiometer m d  the wide-field 
r:diometer. It w:ts found that the wide-field 
radiometer agreed very \vel1 with the five- 
diaiinel radiometer in the sense that it showed 
albedo values compnrable to those of the two 
visible rhannels. The observed tilbedo over this 
ocean area ranges from 5 to 7 percent. This ob- 
servation was at Iocd noon over a cloudless 
oce:m ; the reflected r:idiatioii obviously mas 
very low. 

The total energy received i n  the 7-  to 30- 
micron channel, tibout 80 percent of which is 
infrared radiation from the earth, shows black- 
body temperatures ranging from 250’ I< to 260’ 
K. This agrees, agnin, very well with the en- 
ergies measured by tlie wide-field radiometer. 
Thus, the experiment appears to be consistent. 
However, it, is interesting that, even over this 
clear area, the “window” channel in the 8- to 12- 
micron region shows temperatures which are 
about 2 0 O  below what is assumed to be the water 
temperature in that, region. Temperatures are 
:ibout 2 7 5 O  K, definitely under 280’ IC. This 
would indicate a great sink of energy. I t  ap- 
pears to be somewhat significmt since this 
me:isurement was taken near :m area where 
just IL few days before liiirric*:ine Anna hnd 
developed. 

A\ more interesting ( w e  ivits f o i i i i t l  over t l i e  

tlesei*t i*egions. ‘I’he ;i~-e;t fi-om t 1 i ~  Mediter- 
r:tne:tn in to  t l i e  Indiiin O c w i i i  wi ts  st iitlitttl for 
orhit 4fi of ‘I’IIN)R 111 .  l‘liis case is iiitcresting 
for the followiiig I’c’ilsoii : Tl’ii*st, tlio s:ilcllilt~ 
pisses over t l i e  M(~(lit[~t.i,:iii(i;iii Stw, a.c*le:ii* : imi  

in :L very iv;irni ivgioi,. ’I’ l ic~i i ,  i t  mitis t l i r  
desert, wliic.11 lins vcl~*y liigli siii*f:iw tcnipe~w- 

O v t ~ r  1hc 
r1esei-t t l i ~  8- to I%iriic*roii win(1ow (*li;iiiiiel 

yields t (~~l)e~-: t t i~i .es  voiy  closci to sut*f:tc,e tem- 
l)t~l*iit IIIW, ; ~ I . O I I I I ~ ~  :310° I<. This t ~ ~ ~ ~ i ~ ) ~ ~ ~ * i ~ t i ~ t ~ ~ ~  

intlicates t 1i:it i*;itIi:tt ion (‘onies froin vwy ne:ir 
tlie stirface of the eartli. 

the sritcllite t riivelws t1w 15th p:i i*; i l l~l  

into tlie t roI)i(*s, t lie \v i i i ( lo \ \ , - (~ l i ; i i i i i~~l  t w i p e i * : t -  

I t  ( m l ( 1  1)O 

t11I’es :ud low w : t l e l ~ - v ; l ~ ~ o l *  c ~ o n l c l l l ,  

l l l l * S  tlrops b y  : l l ~ o l l l  ‘Loo l o  25”. 
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JAMES, United Kingdom: I would like to ask Dr. Nordberg about the equations he wrote for determining 
the parameters when calibrating the radiation instruments. 

NORDBERG: I can give a quick answer to your question. The equations that were written down are for steady 
state. They do not use a time variation. The time constant of the instrument W ~ R  measured in the laborakory, 
and this is another one of these extraneous calibration procedures that we have to go through. I t  turns out 
that this instrument, the wide-fleld radiometer, has a time conetant of up to 1 to 1% minutes. This la not very 
good if you want to get a fairly high remlution. But, on the other hand, this instrument has not been designed 
for high resolution. In comparing this instrument with the very fast responding flve-channel indrument, the 
data still agree very well when we consider time and space averages. 

If the satellite pamea over an area of rapidly changing radiation features, such a~ in the African case I 
mentioned, in which the satellite starts out over the Mediterranean Sea, then pasws over the demrt, and flnally 
passes over tropical areas, the time constant of the wide-fleld radiometer procluceR a time lag with respect to 
the faster responding flve-channel instrument. 

So it is true; one cannot get a high resolution in time with this instrument just as one cannot get a high 
resolution in space with this instrument. This 1s a very crude instrument. Even though it  is so crude, it yields 
a good deal of useful data over the time that it sees the earth. 

Are they satisfactory for a satellite? 

/ 
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17. APPLICATION OF TIROS DATA TO RADIATIVE 
PROCESSES IN THE ATMOSPHERE 

By D. Q. WARK, Chief, Physical Meteorology Section, Meteorological Satellite Laboratory, US. Department 
of Commerce, Weather Bureau 

I n  piper 1 6  some of tlie problems in inter- 
preting the d a h  from t lie TIROR five-clinnnel 
radiometer tire indicnted. The following dis- 
cussion may explt~in in some detnil tlie mean- 
ing of tit, least one of tlie readings from the 
five-channel radiometer. 

Specific intensity is the energy crossing IL 

unit, weit in unit, time, nnd, in this ciise, per 
unit frequency intervd. This qunnt,ity is pro- 
portionid to tlie quantity niensured by TIROR 
because tlie siitellite sensor field of view is a 
very narrow angle; all the riidintion within the 
field of view Ienves the enrtli in approximntely 
the same direction with n certtkiii specific in- 
tensity. ITowever, the quantity iictui~lly meis- 
ured is expressed by the following equation: 

I@)= p ” ( e ) @ ” d Y  
. o  

where Iy(C)) is the specific iiitonsity tit fre- 
quency Y arid at zenith angle 8, and % is tho 
filter function. 

I n  order to determine the rel~t ion between 
this integral iind tlie simple integnil of inten- 
sity over till wiivele~igths, datu cdculnted on 
tlie bt&s of 100 model ~~tmospheres, taken from 
radiosonde observations, were used. The out- 
going intensity from the top of tlie titmospliere 
wtis ctLlcultited by nsinp these dtLta; then, by 
empiricnl methods the relation between tlie 
TIROR measured quantity iind tlie true intensity 
from tlie etwtli 1 ~ 1 ~ s  determined. 

Only cliannels 2 and 4 are discussed herein. 
( h n n e l  2 is in tlie 8- to 12-micron water-vapor 
window nnd is intended to mensure surface tem- 
pertttures or temperatures of cloud tops. Chan- 
nel 4, on the other hand, is intended to meusure 
the total outgoing radiation for purposes of 
lieat bt~lance. However, the filter function is 

not flat t l i i~ugl i  the entire spect,rum tis shown 
in paper 16 tind, in fact, does not include tlie 
entire infrared spectrum. There is II degree of 
incompleteness ; there is radiation ~vhicli is not 
observed tit nll.  Therefore, tlie cnlcuhted 
values bnsed on 100 ntmospheres have been used 
to find ti  very important relelntion wliicli is 
slio~vn in figure 17-1. Plotted on the tibscissct 
is the specific intensity tliiu>ugIi the cliannel 4 
filter; tliitt is, equation (1) where the clinn~iel 4 
filter function litis been npplied. The ordinate 
js the integrated specific intsnsity, unfiltered 
over till ~viivelengtlis. Tlie intensity has been 
cnlcult~ted nt, several angles innsmucli as it is n 
function not only of wavelengtli but, also of tlie 
wigle froin the local \wt.icnl. Figure 17-1 
shows nieiin lines for sec e=1, which is tlie 
10cttI verticiil, sec 8=2, wliich is 60° from tlie 
locnl vertical, tind sec 0 = 5 ,  wliicli is nbout 
7 8 . 5 O  from the lociil vertical. These mettii lines 
give the relatioii between tlie mtxisuld vtdue, 
or n qunntity wliicli is proportional to the meas- 
ured value, and the true specific intensit,y. Tlie 
scattering of points about tlie mean lines is very 
small, less thiin 1 percent, at. any one of tliese 
nngles. From figure 17-1, then, the intensity 
tit a given angle can be determined. 

However, in cliiiniiel 4 tlie deteiwiinittioii of 
total flux is desired. Total flux into ti liemi- 
sphere is defined tis tlie iiiteiisity integrated over 
t lliit entire lieniispliere. Tlius, i l l  order to dis- 
tinguish tlie tottil flux from IL nieiis~irement of 
intensity, the vnritition of inteusity with zenith 
iuigle iniist \)e kno\~n.  This vnrint ion litis nlso 
been ctilc-ultit ed for t lie 100 tit niosplieres, tilid in 
figure 17-2 the nornicilizetl intensity is shown. 
111 this figure the intensity i n  ti given direction 
[(e) is divided by the intensity in tlie loccil 
verticnl I (  0 )  ~iiid plotted tiptiinst tlie zenit 11 
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SPECiFiC INTENSITY THROUGH T i R a  ii CHANNEL 4 FILTER (ERG /CM~ISECISTRDN) 

FIGURE 17-1. Total outgoing H p t x i A c  intensity in direction e from the local vertical plotted against the snnie 
The plotted points represent the calculnttxl quantity after pnssing through the TIROR I1 channel 4 fllter. 

values for 100 model atmospherecl, with ~ e c  8=1,2, and 5. 

;ingle e, the tingle from the 10~.iiI vertic;iI. For 
\vir i ous :it mospIieres d i fferen t re1 :i t i ons w e  ob: 
t;iined. For example, the me~surements at 50' 
for :itmospher.es f i  ;ind 2 :ire totally different. 
1 lierefore, flux crinnot he inferred from :i single 
me:isurenient of intensity. Atmosphere 1 is IL 
winter arctic atmospliere with :L surface inver- 
sion; atmosphere 2 is ;i case with high thick 
overcmt cloudiness; :itmospliere .!$ is ;i spring 
arctic ( w e ;  atmospheres 4 :uid 5 ;ire moist mid- 
latitude cases; ;tnd atniosphere 6 is over A l h -  
querque, N. Mex., where the moisture was aloft 
rather thtin near the surf:ice. 'I'lie nieiiii v:ilue 
for 100 ( w e s  is sliown by tlie heavy line. Metli- 
ocls 1i:ive 1)een devised wIier.ehy the TIROH vrilue 
of intensity ~1111 be used t o  ohttiin tlie proper. 
:iiigul;ir tlepentlence. A11 the ciirves in  figure 
17-2 Iitive tibout the s:ime shape; the position 

,. 
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I~'Iiiuii~: 17-2. l,i~iil~-drirkeiiiiig for Tritos 11 channel 4. 
The ratio of tlie totul xlitvi!ic* intensity in  the di- 
rtvtion B froni the locwl verticcil to that in the local 
rertii*iil is plotted rignimt B for vi~lues up to Ne(' 
e=s. The nietin ('IIPVP is froni 100 niodel ntnios- 
plieres. The othei' ciirres arc : ( 1  ) Isnclisen (70 N., 
104 W , ) ,  February 21, 1968, dear HkieH tilid large 
Nurfnce inverAion ; ( 2 )  101 1'aso (32 N., 100 W . ) ,  
3111r(+li 1 ,  11188, ovewust nt 400 niillibiirs ; (3)  Mould 
I3ug (76 N., 119 W.) ,  April 1, 1!)68, rleiir skiw nnd 
siiinll Hiirfare i n v c A m i o l i  : (4) Qrcwi I31iy (44 N., 88 

Altmny (43 N., 70 W. ) ,  August 1,  1!)58, orerc*ast at 
!)30 niilllbiirH : ( 0 )  Albuquerque (36 N., 107 W.)  , 
.July 11, 3068, cleiir skies rind high hiniiidity aloft. 
This figure indiciitew the iwwction to be niade for 
the angle of the outgoing radiution. 

w.) , OI*tObt'l* 24, 1f)h8, OVthl'('llSt Ilt 700 I l l ~ l l i h l l * N  ; ( 6 )  
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FIGURE 17-3. Outgoing specific intendty over the interval 814 to 1325 cin-' (12.3 to 7.6 microns) in direction e 
from the local vertical plotted against the total spxiflc intensity after puswing throiigh the T I K O ~  I1 rhannel 
2 filter. 

to more than 10". I n  paper 16, i t  was indicated 
that there might be corrections of as much as 
20". I n  this investigation, however, corrections 
of about 12" to 14" from ozone and water vapor 
tire j nd i cated. 

An illustratioii of how the measurements 
from 'I'IKOH are correlated with the empirical 
data of figure 17-1 is given in figure 17-6, 
which shows 1i weather m:Lp of North Africa, 

the Mediterr:mmi, t~iid southurn Europe, for 
1200 GCT, November 29, 1960. There is a low- 
pressure area in YugosltLvia, IZ front from the 
heel of t,lie Italian boot to about Tripoli, a high- 
pressure nrea over the Iberian Peninsula, arid IL 

high-pressure tlrea over Egypt, and Libya. 
Figure 17-7 shows a Trrtos I1 composite pio- 

ture over the slime wea.  These pictures were 
obtniiied at, the same time RS the ri~diiitioii datia. 
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SPECIFIC INTENSITY, 614-1325 CM-I (ERG/CM2/ SEC/STRDN) 

&’I’I~IJKIC 17-4. Ozone cwrrertion to be applied ,to the 
Triros I1 channel 2 data plotted againlit the 814 to 
1326 em-’ interval slrec4flc. intensity. The points indl- 
cste the quantities to be added to obtain the inten- 
Hitiex wh1c.h would be found in tlie eane of an ozone- 
free ntiiiocipliere. 

Netween Italy and Tripoli, where the front lies, 
there is only a weak indication of clouds, as 
tliougli there might have been cirrus or scat,- 
tered clouds. But, to the wrest, in the trough 
over Stirdiniii find westein Algeria, them nro 
very dense clouds. In addition, there is ii  patcli 
of very dense clouds lying over southeastexii 
Spiin. The coast, of Africa is outlined from 
Tunisiii to Cirenaicib; south of the coast is sup- 
posedly cloudless desert, wliich litis high albedo. 

111 figure 17-8 is shown the iipwiird flux, i i i  

lttirgleys per minute, derived from the info~niia- 
tion in figure 17-8. The flux litis not been cor- 
rected for  Iinil)  cltii*I<ening, tliiit is, t lie viir.int ion 
of the intensity with tingle; figure 17-8, there- 
fore, c*ontiiins eri’ors of up to 1 0  pmeiit  in  some 
of the lll~solute v11111es. 

,210ng tlie frotit iieiti’ Tripoli, tlie viilue is 
aLoiit 0.32 lniigley/~nin ; ~ I I  t lie trough beliind 

I 
I 1 1 

10,WO 20.000 30,000 40.000 50,000 

SPECIFIC INTENSITY, 814- I325 CM-’ (ERG/CM2/ SEC / STRDN) 

Frouii~ 17-6. Water-vnimr rorrec*tion to be applied to 
the T~itos I1 dinnnel 2 data plotted against tlie 814 
to 1325 ( ~ 1 i - I  interval spwiflc intensity. The pofnts 
indiciite the quniitities to be ridded, after the ozone 
correct ion, to obt a 1 ti the in t enai t iw  wliic*h woufd be 
found in the vase of i i n  titiiiospliei~e free of wnter 
riipoor. 
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FIGURE 17-0. Surface weather chart for 1200 GCT, Noveinber 20, 1000. 
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FIOTJRE 17-8. TIROS I1 radiation chart showing the total upward flux in langleys per minute over the same area 
shown in tho photographs of figure 17-7. No limbdarkening corrections were niade. 
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18. APPLICATION OF RADIATION DATA TO SYNOPTIC ANALYSIS 
AND TO STUDIES OF THE GENERAL CIRCULATION 

By JAY S. WINSTON, Chief, Planetary Meteorology Section, Meteorological Satellite Laboratory, US. 
Department of Commerce, Weather Bureau 

Some of tlie maps of rtidiiition dntn preseiited 
in previous papers illustrat e iipplicttt ions of 
these tlntn for synoptic usnge. For tlie most8 
part dntn obtained in tlie 8- to 12-micron win- 
dow region, channel 2 of 1 lie TIROS rndiomet ers, 
will be used synopticnlly. As diitn become 
nvnilable from tlie other clitinnels, t lie broad in- 
frnred nnd the reflected solw rndint ion measure- 
ments will be more useful for studying the over- 
nll lieat, budget of the eiirtli nnd its nt mospliere 
and the general circulntion. 

The synoptic ustige is considered fiist. 
Figuro 18-1 is nn example, giveii in  reference 1, 
of ribdintion dial ta for tlie 8- to 12-micron window 
region obtained in n pass of TIIWS I1 :wow tlie 
Atlantic Ocean. These dntn nre expressed in 
terms of effective riidiiiting teinpernture in O C. 
The isopleth interval is in terms of rndintive in- 
tensit,y ; tlius, the isotherms are liibeled - lo", 
-17", -25", and so forth. There is not 1111 

equal thermal difference from one isotherm to 
nnotlier. The wide vnrintions in tempernt iiro 
are of interest in figure 18-1 (tlio letter C in- 
dicates cold and the letter W indicntes w~i - in ) .  
Note tlie very cold values in the northern sec- 
tion of the occlusion in the iniddle Atlnirtic 
where there w i s  n rnther intense low nnd IL well- 
developed upper low center. Tho ivtirnier 
values farther south along tlie front tire still n 
little cooler t litin some tLdjiicent regioiis. 'l"1io 
warmest, wen is found to tlio west of tlie front. 
A very cold nren is foiind tit ( l i e  westerii edge 
of the dtitn, the forei*uniiei- of tinother wtve 
cyclonu developiiig to tlic west. Tlio temperti- 
turo pnttern of tlie fi.oiita1 systr.111 r~pproiic-hing 
lCui*ope is no1 J I C I L I * I ~  so well tlefiiicd ILS tliosn 
of tlie other frontid systems in the ccntrul iind 

western Atlniit ic, Actuially, IL wtirni tixis is 
found iieiir this front id zone, with lomr  tcni- 

pemhires extending iiortliwnrd just enst of the 
f1wit tilid tilso some cold 11re11s north of tlir 
wtirni front. 1n geiierd, t lie reltit ionship is not 
IL very rlrissic one, if i t  is tissunicd tl int cold 
vdues signify nioderntrly high clouds und 
wnrm vnlues signify clenr to  sctit t w e d  clouds 
or low bi.olieii 1 o over(wf clouds. The clnt IL ciin 
tlius show dift'ei*eiices in front nl st iwture md, 
coiiibiiied with c.loud pictures, could be very 
useful. 1Jnfort iintbtely, no cloud observntions 
w e  tavidnble for conipcwison witli this rndiation 
clinrt. 

Most of the preliiirinriry studies to evtiliiiate 
tlieso dat:L in det tiil sliould be over tireiis \vliers 
there tire rtitlier good conventionti1 synoptic 
dittn. An exnniple of sucli ti study of t i n  orbital 
piiss over tlib 1Tnitcd States is preseiittd in fig- 
ure 18-2. These dntn obt nined on November 
23, 1960, tit, t~boiit 1810 GMT tire tigniii for tlie 
8- to 12-niicron window region. Tho tempern- 
tu iw  tire expi*essed in terms of " IC. Tlie iso- 
therm intervnl is 10" IC; tlie dot -dnsli lines nre 
intornioditito 5" K isotliernis. Theso snme diitn 
in t~ndyzed 1)riiitout forni were present ed in 
piper 16. The present nnnlysis wis prelnrrd 
from the uiisnioot lied (lnt n before tlie ni:icliiue 
printout8 &it IL n-ciw :iviiiliible, so tlirro 111e differ- 
eii(w betwecw this nnnlysis nntl tlie inncliine 
vorsion wliicli rwiilt. fi*om difftwiices in  smootli- 
ing i ind  loctit ing the dntii points. ,211 inil)oi*tnnt 
fetitiire of i t i t  iwst is nlong the front til zone n p ~ i r  

tlie c ~ s t  c*oi\st of t l i o  1 T i i i t c d  Stntrs ivli~re v ~ r y  
low vi~liies of rnditition wi*e  obtnined (fig. 
18-2). This front wtis iirtir1-y stntionrii*y with 
wtive devc~lopmc~nt s dong i t .  Tlie lowest rndiii- 
tion t o n i ~ ~ i ~ r ~ 1 t 1 1 1 ~ ~ ~  values tend to  be nrninly sontli- 
etist of the front. Note (lie s l w p  griidirwt 01' 
tonip?rntnre to the nortl1 nnd \ v c 4  of the front. 
Goiienilly, t I i t m  t ~ i ~  high t cnipcrtiturcs from 
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F'IGURE 18-1. 'Radiation data 8- to 12-micron region obtained by TIROS 11. Temperature in O C. 

tlie Appaltichian Mountnins to tlie central part, 
of the ITnited States. The teniperature grii- 
clients througliout this region are reltit ively 
sniall. Farther west, over the Great Plains ant1 
Rocky Mount sins more complicated ptitteriis 
are founcl. 

Figure 18-3 is a cloud chart based on con- 
ventional data only. (Trnos I1 pictures were 
available for this time but were rather poor.) 
This chart was based not, only on surface data 
bht also on radiosondes, pilot reports, and ver- 
tically pointing cloud radar at  one station 
(Washington, D.C.). I t  shows not only areas 
of overcast, broken and scat terecl clouds, :ind 
clear skies but also an analysis of the lieiglits 
of cloud tops in the broken :mil overcast amis. 
Only three contour lines linve been drawn: 
30,1)00, 10,000, and 5,000 feet. It is interesting 
that the very lowest rndiation vdues were in 
tlie areti where the tops of the upper cloud l n y w  
of tin extensive mmiltilnyered r*loiid system were 

more tlinn 30,000 feet. Pilots reported heights 
of 3:$,000 feet or more in this area. Further- 
more, the area of r h f a l l  nearly coincided with 
the zone of' the liiglicstJ cloud tops and lowest, 
rndintion temperatures (i.e., less than about 
2,500 K). 

Note the very :tbrupt. change in cloud height 
ovei' tlie rcigion  ne:^^' :Jno north :ind 7 5 O  to 80' 
west from the high cirrostrtltus above 30,000 
feet to a hye r  of :LI tost ratus-altocumulus with 
tops at : h u t  15,000 l'eet :ind tlieii to bivken :md 
scattered st rntocumulus cloincls at, about a hun- 
dred miles to the northwest. Tho mdir~tion 
gradient (fig. 18-2) W ~ L S  extremely strong in 
this regioii, sliowing n very sliarp cliange from 
low to high v:dues over Pennsylvania, whero 
the clouds become scattered strntocumulus and 
ilien tlie skies cl(::ir totvr~rd the northwest. In 
the Midwest (Mississippi : ~ n d  Ohio River Val- 
leys, Grwt TAws, :~iid eastern C*re:it, Plains) 
satellite-rriewsui.ed temperatures were within 
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FIGURE 18-2. TIRos I1 rndintioii dntn 8- to 12-niicron i*rgioii, 1810 GRIT November 33. 1WO. Teiiqwrntm*es 
in ' K. 



132 





E’IOUI~E 18-5. Proposed energy cyde for the atmos- 
phere of the earth. 

are zonal available potential energy, eddy avail- 
able potential energy, zonal kinetic energy, and 
eddy kinetic energy. The kinetic energy is well 
known; i t  is a function of the q u a r e  of the 
wind speed. The zonal component, is essent,ially 
the kinetic energy of the mean zonal (west- 
east,) flow. The eddy component is the energy 
of the devi:itions from mean zoiinl flow within 
latitude circles. 

The available potentii~l energy is mainly a 
function of the spatial vnritmce of temperature 
on isobaric surfaces. The zonal component is 
a function of the varianck of lntitudinally aver- 
aged temperatdims or, essentially, of the 
strength of the north-south thermal gradient,. 
The eddy component is :L function of the vari- 
ance of temperature within latitude circles; it, 
has a minimum value when !he isotherms are 
pnrdlel to the Jntitude circles and n maximum 
value when the isotherms rlisplny t i  wnve pat- 
tern of 1:irge :implitude. 

Consider the cycle illusi r:it ed in figure 18-5. 
Generxlly, if noii:tt l i : t l~: i t  ic ((Xiti1):ii ic) 1ie:it ing 
occnrs, zonal :iv:Lilable potenti:il energy 01’ eddy 
avai1:ihle potent in1 energy mtty be grner.:it ecl. 
Genefiition (positive geiirr:~tioi~) occurs whrn 
the 1ie:ttiiig and the tempera1 rire field :ire posi- 

tively correlated; that is, when the warmer air 
is heated and tlie colder air is cooled. Of 
course, there would nlso be generntioii when 
there is cooling everywliere, as long as there is 
less cooliiig where the air is warm and more cool- 
ing where i t  is cold. If the 1re:iting is nega- 
t ively correlnted with temper;Lture, th:it is, cool- 
ing of warm air :inel wti-ming of cold air, then 
there wo11ld be tlissipni ion (iieg:ii ive genera- 
tion) of avtiilnble poten1 i:i1 energy. In general, 
nt least in the colder senson of the year, in the 
Nortlieni or Southern I-lemisphei-e, there is a 
tendency for genertit ion of av:~il:~l)le polent ia1 
energy. 

The heat-budget da t :~  obtainecl fimn satellites 
will be of prime import m c e  in cletermining this 
generation term. For the first time the net 
heating of the ear! 11-a1 mospliere systrm will be 
measurable. All hougli the :~c11~1  heating o€ 
the :~tmosphcre itself must be Irnown in order to 
determine the enel-gy cycle, t lie eald h-atmos- 
phere lieat huilget. might nonethrless give a 
gross me:tswe of o!liar* 1ie:Lfing processes :is ~vell 
:LS of ~-acli:itioii. Tii  :iny event i t  is ltnown th:it 
tlie net tlifl’erence ill ixcli:Ltion (in the winter 
se:Lson heating :it low latit rides nnd cooling at 
high ]:it itndes) geiierxtes zon:il :Lv;iil:hlc poten- 
tial energy. 

The next stage in  the energy cycle following 
general ion of z0n:il :iv:til:Lble energy is conver- 
sion from zonal to eddy iLvailablo energy. Es- 
sentially, this menns thnt, there is a buildup in 
the temper:itm+e grad i en ts  with in ]at i 1 iitle cir- 
cles at the expenses of the zonal gradients. 
This is :I familinr development, in middle lati- 
tudes; i n  simplest, terms i t  is related to the 
bre:~lrdown of :L z0n;tl typo of flow with fast 
wrsterlies into :L per! urbed circula! ion of large- 
sc:ile w:~ve pathrns where there are large ex- 
change? of air between high rtnd low lntitucles. 
In  f:tct, the key ftictor in the conversion from 
zonal to eddy :Lv:iilable energy is the north- 
south lieat transport ; that is, tho Iwger tho 
vnlues of hetit, ti.:insport, are, tlie gre:Lter is 1 he 
conversion to the cdtly form of :~vail:~ble poten- 
tial energy. 

T1:clcly :Lvailable potential enerky can tdso be 
genertbtecl by r:idi:itioii diflerencas vvit,liin l t ~ i i -  
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t i d e  circles; for esnmple, the cliffdreiitinl hen! - 
ing hetween continents :tiid oceans icsults i n  
ilicreitscd difl'ereiices ii i  tempel-ntiire witliin tlie 
htitiido ciwles. 011 tlie other li:uid, m:my t inies 
the heatiiig is tlistribiited so {l i t i t  tliero is n (lis- 
sipat ioii of eddy :iv:iiliiblc energy by 1110 lieat, 
sources, inniiily in  tlie ci~se of the lieiitiiig of a i r  
i i i  e x c l i : ~ ~ i g ~  witli tlie siirfwe, for cwiiiple, 
heat iiig of cold air iiiiisses over w~riiier oceiiii 
curreiits in the wiiitm. 

Follo\viiig tlir eiicrgy ryc*lc t l i ivi igl i ,  oiicc 
cdtly :bv:iiliible pot cwtitil eiiergy s t w t s  building, 
there is :in t~liiiost. siiiin1t:iiieoiis bnildiip in eddy 
kinetic eiiei-gy. ,Iftcr this tlicre niay then be IL 

conversioii fro111 eddy kinet ic e n ~ ~ r g y  to ZoiliLl 
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when zonal available energy was increasing, but 
it rose almost simultaneously with the eddy 
available energy. It actually reached a peak, 
however, a day or so beyond the peak in the 
eddy available potential energy. The zonal 
kinetic energy during this period showed some 
drop and then a slight rise, but basically it did 
not seem to take part to any extent in the general 
cycle found in the other forms of energy. 

It is also of interest to  examine briefly the 
heat transport for the same period (fig. 18-7). 
The expected relationship is shown : rather low 
values while the zonal available potential 
energy was b d d i n g  up, then a rapid rise in- 
dicating a large-scale north-south heat ex- 
change which acts to convert zonal available to 
eddy availdde energy. 

Figure 18-8 shows the available potential 
energy for the same case partitioned into 
energy in four specific regions rather than in 
the zonal and eddy forms. I n  this case these 
are wedge-shaped zones extending from about 
30" north to the pole. Of most interest here 
is that the major variation, or cycle, in avail- 
able potential energy showed up essentially only 
in zone 1 (over the North American area). 
Not0 that the energy values for the other areas 
did not change much. Thus, a large-scale cycle 
in available potential energy of the Northern 
Hemisphere as a whole was dominated by 
events in one region of the hemisphere-in this 
case the North American area. This shows the 
importance of paying close attention to  geo- 
graphical and synoptic-scale influences even in 
such large-scale studies as of the energetics of 
the atmosphere over much of the Northern 
Hemisphere. 
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19. DIFFERENTIAL COOLING FROM SATELLITE OBSERVATIONS 
By V. E. SUOMI, Professor of Meteorology, University of Wisconsin 

r 7  1 lie llse of Trrtos pllolog~*:iplis :111d ?‘lltOS 

infrnixxi nietksiireinent s linve \wen ciisr.iissrd in  
tlio 1)iweding pipers i i i  t his IV\Tol~lisllop. ‘ l ’ l i c w  
discussions nininly C O I I C ~ I ’ I I  t lie iise of ‘I’iitos chi t : r  
in stoini locntion-tin tipp1iv:it ion which Iins 
tiroused in~icli interest. In this piper the the- 
ories on the energetics of the at mosphere, prin- 
cipnlly the conversion of :~vtiilnble potentinl 
energy into lrinetic energy, ttre discussed i n  2111 

titternpt, t,o provide R cleniwr iinderstnndiiig of 
what ciiuses wentlier. Soiiie of these theories wr 
introduced in piiper 18 luid pertinent, figures tire 
presented in reference 1. 

The Tims camenis nnd infrnivd devices de- 
scribe tuid record conditions nt the top of tlie 
~itniospliei*e. TI10 problem of nirt(~orologicr11 
interest, however, is w h i t  is hnppening r r3 i fh i7 t  
the t i t  mospliere. Of primary intei~st  is the 
c1i:tnge of )let8 i d i i t t  ion with height to  cletc~r- 
i i i i i i o  whet her tlie at ~nosplieiu~ is lictlt iiig or cwol- 
iiig. 1’110 iiieiin loc*til cwoling or licvit iiig for 
finite ltiyei*s in the :itmosplwre is give11 by 

where 

ctl 
9 grtivity 
I’ pressure 
A’ is:\ cl i nt,ion 
1’ t eniperntnre 
t t inie 

specific Iie:it, 111 c~oiist:int pi*ossure 

tliougli iristriuuents i n  tho siitellite ciin only 
inens~re tho energy leaving the top of the at,- 
~iiospliere, tlic possibilities of obtnining mettn- 
ingfiil estiimtcs of this chaiigo nnd of other 
fiwtors 111’0 good. 

Figiire l!b1 is :I 1)liotogixpli of :L radioni- 
etersonde wliidi is flown oii  balloons. The 
tri:~ngiilnr object. in front of the rndiosonde 
I Y I ~ ~ L S I I I * ~ S  the rndintion originnt ing in the nt- 
niospliere ~ibove tho l ~ ~ l l o o n  ; it iilso niensiiim 
tlie rtidint ion which conies from tho snrfnce of 
the earl 11 and t,lio at mospliere below tho bnlloon. 
With this instrunient, it is possible to ninlre 
inensiiiwnents of net rndintion as II function of 
Iieiglht in  the free iitmosplieiw. 

Figure 19-2 present s two typical soundings 
of net rndintion within t he ntniosphero over 
Wisconsin (ref. 2) .  T h e  ort1iii:itc is :I linear 
pressnre in niilliburs rtnd is p*oportioiiiil to  the 
mass of the ntniosplieiv. The nbscissi is net 
rIidiiition in ctil/cni2,/niin. l‘lio energy of! the 
siinliglit, is not, includeti becnuse the .wiintiings 
ILIY) 1 nkon in  dnrlrness. ‘l’ypicdly, the net rndin- 
t ion at {lie surfrice ninges from nbont, 0.06 
cvilorie to i i l ~ ~ i t  0.11 cwloricl. The tot 111 wriu- 
tion nt, tho surfnce is not, grent. In the portion 
of the sounding in m1iic.h net. 1-ndititioii rapidly 
increases with height, t he energy loi~ving the 
top of ldie hyer csc (1s tlint ~vliicli  enters the 
bottom of the 1iiycr iind as n resnlt, tho lnyer 
will cool. On tlir, other Iinnd, in tho porthi  of 
t h e  soiinding in which tliero is little clinnge in 
net r:Ldintion wit11 Iieight, tlieiv will be no tem- 
l)erlitllro clltLllge ,,,itl, 
In tho Iwyer f m i i  tho wirfnce to 200 milli- 

The cooling (or liet~tiiig) rnte in  “C per diiy is 
expressed by 
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dergoes large vtwiations on a liorizontal scale 
comparable to the v:iri:~tions of \ve:~tlier sys- 
tems. Clearly, horizontd temperature differ- 
ences over this same scale are being generxted 
or reduced. 

The infrared instruments wliich liave been 
described for T I I ~  11 and IT1 :we very elabo- 
rate compnred with tlie simple instrument used 
on Explorer VII. Figure 19-5 is a pliotogri~pli 
showing one of the mirrors :md the black and 
white hemisphericnl bolometers its installed 011 

Explorer VII. The i i i i i t  appears 011  the cylin- 
drical center of the S;itellite pictured, with tlie 
white bolometer in line with the axis and the 
b1:ick bolometer to the right of the white M o m -  
eter. When tlie satellite is spinning rapidly, 
as is Explorer VII, tlie Iiernisplieres, by virtu(> 
of the mirrors, act, like spheres in space. The 
heat, conducted down the mounting post and 
ntditited from the inside of the hemisphere i o  
the mirror must, also be taken into account. It 
can be show11 that tlie tihsolute value of the 
temperiiture of either the white or the black sen. 
sor is a measure over a wide bmd of tlie spec- 
trum of the outgoing radiation from the earth. 
This discussion will be confined to the perform- 
ance of the instrument at night. 

Figures 19-6 and 19-7 iLre the Northern 
Hemisphere surface a n d  ROO-m il li b:ir weather 
mxps, respectively, for April 4, 1960, obtained 
from the 1J.S. Weather nur.e:aa files. Figure 
19-8 is n map of long-wave rndi:it,ion loss from 
the earth for the s:ime date. The maps are 
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not strictly comparable because the satellite 
measurements are not synchronous. The sim- 
ilarity between the main features shown on the 
500-millibar map, such as the low-pressure 
troughs in tlie Mississippi Valley of the United 
States and in  the Pacific between California 
nntl IIa\vaii, and the piit fern of outgoing radia- 
tion is clearly evident. Figures 10-9 to 19-11 
are further examples of outgoing mdiation for 
a series of days in  December. The surface 
fronts are entered 011 the radiation maps. 
Figures 19-12 ( a )  and (6) (plotted on two maps 
for clarity) are Ioctitions of tlie daily positions 
of the centers of high and low pressures and 
d s o  the daily positions of the centers of high 
and low values of outgoing radiation. The 
center of tlio low for rndiiition is displaced to 
the east of the center of low pressure. That 
the two move together as the days progress is 
a very striking feature. These illustrations 
are the first maps of radiation obtained from a 
satellite on n global scale and further illustrate 
that the outgoing radiation has significant 
changes on a scale comparable to that of 
weather systems. Additional details are 
tivailable in reference 4. 
In the preceding discussion it has been em- 

p1i:isized that the differences in cooling rate can 
generate horizontal temperatn re differences 
(eddy il.v:iil;ibl~ potential energy). Offhand, 
1110 diff'erences in cooling r d e  would be ex- 
pected to reduce the temperature differences 
that, exist because warm objects tend to lose 
heat more rapidly 1 lian cold objects. Clearly, 
i f  eddy avnilable potential energy is io  be gen- 
ernted instmd of destroyed the w:im columns 
of the atmosphere must cool less rapidly than 
the cold air columns. Thw, if d.iferences in 
cooZing rate w e  to he a Rource of eddy avu7:ihhb 
potential energy, e&denca must be fownd f h t  
umrm air columns cool lem rapidly t ? m  cold 
air columnn. 

Figure 19-13 is :L plot of tlie delxirture of tlie 
cwoling rate from its l i l t  itutle meiin for Derem- 
ber 1, 1!)5!). 'I'll(* solitl line is t l i e  depiirtiire of 
cooliiig from its rrieian ; tlius, values tabove zero 
indic*itto i-elai ive wwming. The c1:ishecl line 
intlic*ntes the t1ep;irture of tlio tliirkness of the 
1,OOO- to IOO-niillibiir i r  c.ol11ni11 from its meiin 
v:tlue it1011g tlie 1:~titiitle circle rind repi-esents 
tcwipeixture diff'c~i~enc~es. Tlie gencmatiori of 
(~It'ly iL\'iiil;lble potent iiL1 energy is propo~*t ionid 
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FIOURE 194. Surface analysis. April 4, 1960, 12001;. 
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FIGURE 1S-10. Long-wave radiation low map. December 2, 1960. See key, figure 19-9. 

I 

FIGURE 19-11. Long-wave radiation loss map. De~eniber 3, 1050. See key, figure 10-0. 
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P r o u a ~  1!)-13. Departure of cooling rate from' its 
latitude mean. Solid curve is departure of cooling 
from its inran value; dashrtl curve is departure of 
thicknexs of 1,00(~- to 100-xnillihar air column from 
its mean value along lntitucle circle; 1)ecember 1, 
1959 ; 40" north. 

FIGURE 1S-14. Generation of eddy nvnilnble potentinl energy. Units are 10' ergs/cm'/sec. December 1, 1950. 
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FIGURE 19-15. Generation of eddy available potential energy. Units are 10' ergs/cmD/sec. December 2, 1959. 

Id . . +' 
I& * -lo 

FIGURE 19-16 Generation of eddy nvailnble potential energy. Unite nre lo8 ergs/c.iiiD/sec. December 3, 1959. 
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FIGURE 19-17. Time variation of the generation of 
eddy available potential energy (average over a 
region of 30" to 50" north, 40" to 180" west). 
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Question Period 

JOHNS, Canada: Dr. Suomi, were all the charts presented based on satellite data or were some based on 
radiation and balloon data? I would assume they must have been mainly satellite data from the large coverage. 

SUOMI: That is correct. I used the balloon data to show that it is possible to get an estiinate of the diver- 
gence in the atmosphere by looking a t  what is coming through the top. I t  is a crude estflnate, to be sure, but I 
would say it is correct in most cases within 20 percent. 

TEPPER, NASA : Dr. Suomi, after having roinputed the available potential energy in t h e e  vnrioiw mses, what 
was the subsequent synoptic situation that corresponded to the atmosphere having this available energy? 

SUOMI: A cyclone formed off the Atlantic coarrt on December 3. However, it  is too early to say that this is 
definitive. Let's say that this is just conjecture. We must. study inore rases. It loolts very proniieing. 
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20. ARCHIVING OF TIROS DATA 
By R. L. PYLE, Chief, Documentation Section, Meteorological Satellite Laboratory, US. Department of 

Commerce, Weather Bureau 

Since the TIROS satellite experiments have 
been so successful in providing a unique kind of 
meteorological data, it is rnther important that 
these data be properly preserved and made 
available conveniently and quickly for use by 
the meteorological community and by the pub- 
lic a t  large. 

Some of the ways in which these data may be 
applied in meteorological research studies have 
been discussed in preceding papers. These be- 
ginning efforts indicnte the enormou~ potaiitial 
value of the data, a potential value that can be 
fully realized only if many more scientists in 
all parts of the world are able to work with this 
new research resource and thereby discover and 
develop more ways to put it to constructive use. 
The prerequisite for using these data is that, 
they be readily avnilable to anyone and that 
the quality be nearly equal to t h t ,  of the 
original data. 

The main purposes of the archival system are, 
first, to provide permanent storage for the 
data; and, second, to be able to provide copies 
of the pictures with a minimum of degradation, 
efficiently nnd promptly, in the desired quanti- 
lies for ti11 who miiy wish them. Fnrthermoiw, 
the archives must be able to provide sufficient 
documehntion for tho user to locate these pic- 
tures acciirtately in  time and in space. 

Tlicse (.loud pictures repiwent 11. iiew kind of 
meteorologicial diattL f m i i  the ~~r(*Iiivz~l point of' 
view. They t~rc  not (ltit~i t h t  ( ~ 1 1 1  be rendily 
reducwl to numl)ers, elitwed on pwl icwds ,  
rand pro(*essed by nitichine. They tire IL kind 
of dnta whicli, t L t  tlir pi'eseiit time, must be 
stoi-ed in  pic*tiire forni. Thiis, when tlie t inie 
ronies to m&e copies for the users, it is not 111- 

wrays possi1)le to reprodwe full qunlity in  tlw 
wpy tliiat t he user Iweives. I'robnbly, tlie 11111- 
jor problem fnced i i i  this nrchivttl syst c i i i  ( I r a -  
velopment so far liias been in trying to work 

635355 0 - 6 2  - 1 1  

out schenies by wliic.11 t lie full clwity and de- 
t t i i l  of tlie picturcls ( ' t i n  l~ preserved in tlie hater 
generaat ions of these pictures which lire (listrib- 
iited t o iisers. I?ol* opertationnl wettther ciiinlysis 
1and fortwist ing, t lie 'I'mos pict,ures iiiiist be 
1)ro(*ess(d 11s rnpidly tis possible so tliiit tlie in- 
forniat ion ctin 118 nintle tL\~tiilnble while it still 
has soiii(~ \ ~ l i i c +  for tlie foreciaster. ITo\vever, in 
piwpwing t lie pid lire diitiL for the resetircli w- 
diives, inore tima ( w i  be spent in procwsiiig in 
order to do II niore c~refiil job. 

The ~ircliival pwedurcs \vhic*li IIILVC been de- 
velopcd citid wliivli tire briefly described lierein 
l i ia \ -e  bean esscwt itilly tlie sniiie for tlie first t h e e  
Tittos stttc~llites. The picture signnls recvived 
from tlie stitellite I~I'P I-ecorded tit the rei~dout 
sttit iotis on Iiitignetic tape. A few minutes Inter 
the t t ipe  is pliiyed b:irk to t l ispl~~y the pirtures 
on n, television screen, nnd IL :35-millimett~r ctini- 
c r t ~  pliotogrnphs tlie screen. Since this set of 
pic.1 ures lilt initit ely 1)econies tlie btisic iirchivnl 
1-ecord, spwii~l ctire niust bo tnlteii to ol)ttain the 
1)ast 1)ossil)ln photoprnphic- exposure. 

The exposed filni is sent to the 1J.S. Navy 
I~hotogrtipliic In1 ei*pretnt ion Center, where it 
is processed under vwy cnrefnlly controlled 
lt11)ori~t ory coiidit ioiis. This p-(xessing con- 
sists of developing Ilie filni, editing it, mid ndd- 
ing title frames to nssist the user in  locntinp 
pictiires on tho filni. Froni this edited originnl 
negative film, II positive filni copy is ninde which 
then ~ r v e s  ns the nrnhi\wl mnster. This mas- 
ter copy is deposited tit tho Ni~tional Weather 
Records Center of 1 lie 1J.S. Wentbor nurenu 
wliei*e it, is iiscd for milking furtliei* copies at 
1 he request of nsnrs. 

An importnnt step in  tho processing is the 
(wit 1.01 of film density. In tlie originnl negn- 
t ive t here is considerril)le viiriiitioli from orbit to 
orbit, in the bqsic (1wisit-y Irvel of tlir film. In 
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producing the positive archival master the Navy 
Photographic Interpretation Center uses spe- 
cialized equipment which automatically com- 
pensates for these variations in the density 
level. This compensation is necessary because 
the master positive, which is stored at the 
Weather Records ('enter, must be of a fairly 
uniform density throughout in order that auto- 
matic printing equipment can be employed to 
produce copies of these pictures in the qunn- 
tities now 'being demanded. 

The Weather Records Center stores these 
archival master films in units of 100-foot rolls. 
Persons or inktitutions can order copies from 
the Center in the form of 35-millimeter posi- 
tive film for projection and viewing, or nega- 
t,ive film from which opaque prints may be 
made. Both the positive and the negative film 
copies from the Records Center are made di- 
rectly from the positive archival master. The 
positive copies are made by a diazo process and 
the negative copies are made by a Kalvar proc- 
ess. These methods are used to  make copies 
for distribution t o  users which are, effectively, 
second generation photographs since some deg- 
radation is unavoidably introduced with suc- 
ceeding photographic generations. 

At  the present time complete reels of these 
pictures must be ordered from the Weather 
Records Center. It is not, now feasible for the 
Center either to furnish copies of individual 
pictures or to furnish specialized photographic 
formats. 

For TIROS I, the positive archival master has 
been produced for all the pictures that, were 
obtained. These are available now from the 
Weather Records Center. A complete set will 
comprise 50 100-foot reels of %-millimeter 
film. 

The archival masters of TIROR I1 and T I R ~ S  
111 film are now being processed at  the Navy 
Photographic Interpretation Center and it is 
expected that the National We:ither Records 
Center will be able to  furnish copies of these 
sometime in 1962. 

Documentation for the TIRW pictures is pro- 
vided in the form of printed listings which con- 
tain the essential information about the picture 
sequences and also in the form of maps which 
show roughly the geographical areas that have 
been photographed in each of the picture 
sequences. 

For TIROS I this information has been pub- 
lished in a catalog (ref. 1). This catalog will 
give an idea of the coverage that was obtained 
by TIROS I and of the type of information which 
must be known in order to interpret the pic- 
tures properly. A similar catalog is being 
planned for TIROS 11, although this catalog will 
contain listings only. Since i t  is a great task to 
compute coverage swaths for the maps, this was 
not done for TIROS I1 because picture quality 
was not sufficiently good to warrant the effort. 

13eginning with TIROB 111, this catalog ma- 
terial will be published in installments as 
rapidly after the pictures have been taken as 
the material can be assembled. For TIROS I11 
the first instdlment, which describes the pic- 
tures taken in July and August 1961, has been 
printed (ref. 2). Additional installments for 
September, and possibly October 1961, will be 
forthcoming as soon as the material is as- 
sembled. Eventually the installments will be 
combined in a single printing similar to  the 
TIROS I catalog. 

Documentation is also being developed in the 
form of 1:ititude-longitude grids that may be 
superimposed on tho picture. In paper 14 n 
number of the problems tmd procedures en- 
countered in constructing these grids are de- 
scribed. It should be enipliasized that, from 
the arcliiv:~I point of view, for TIHOB I the un- 
certainties i n  the satellite attitude and in :~ctual 
time tit which remote pictures were taken have 
m:de this gridding :L difficult task. Neverthe- 
less, grids litivo been constructed for :Lpproxi- 
mately 1500 T I R ~ R  I friiines, t:iken from about 
80 rlifl'erent picture sequences. These will be 
superimposed 011 the pictures ~~1iotogr:~~~hic:illy 
by the Navy Photograph Interpretation Center. 
The gridtled sequenves will form a speciul sei 
of 35-niilliniet~r reels tuid will be mado avail- 
able through the National Weather Records 
Center as either positive or ncyptive copies. 

list of the sequences which IIILVB been pridded 
for T~sos  I will be published. 

For Tiim I I, \)eciuise the wide-tingle pictures 
htive, in  geneid, less vdue for  reser~rch work 
t 1i:in those from eit Iier T I R ~ H  I or 111, there tire 
no p1:ins to prepire riny gritldetl pict U I W  for the 
;iwhives. In~livitliiril pic( ures ('tin be gi.iddet1 
hy the method clesri-ilml i i i  p:iper 14. 

For ' lhos III, tliel*e ;11'e pltiiis i o  grid 
pictures from virtuully every one of the se- 
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quences that have usable meteorologicsl in for- 
mation. This will amount to several thousnnds 
of pictures mid is possible only because inost 
of the gridding procedure hns been uutonirit ed. 

One part of the pro'ledure wliic*li is not tiuto- 
mated is the w t i i d  pliotogrt~pliic superposition 
of the grids on the pictures to mike IL single 
composite picture. This is ti tedioiis job which 
still must be done mtinurdly. Therefore, il 
change in the form i i i  which the Trrtos TIT 
gridded pictures will be intide nvni1iLl)le is coii- 
t,emplated. TJiider the proposed plwn, the grids 
would be placed on i i  sepirtite strip of 85-milli- 
meter microfilm. The user then would get a 
copy of the film strip coiitttining the grids and 
would tils0 get i~ copy of the ungridded cloud 
pictures. I t  is then a simple photographic* 
procedure to make itii enlnrgement of the grid 
on tmnspicrent foil and an enlargement of the 
picture rind mutch the hwo. In the Satellite 
TAionrtory it hns been found that careful work 
with cloud pictures usunlly letids to slight iid- 
justments in the grid pliice~nent. As more is 
learned ihoiit IL pirticulnr sequence, the scien- 
tist finds that it is often it  handicap, for re- 
search purposes, to have the grids fixed inflex- 
ibly to the pictures. TTowever, there tire other 
purposes for gridded pictures, inclnding their 
use for instruction in  schools mid for iiiforniii- 
tiontil displitys. Therefore, for Tmos TIT it is 
pliinned to tiike n number of the more interest- 
ing sequenc.es, which show hurricnnes, dritmntic 
landmarks, rLnd so forth, and make t i  snperim- 

posed gridded picture file avnilnble through the 
Wetitlier Records Center. 

So far this discussion hns concerned pictures. 
Most of the informntion needed to order the pic- 
tures is cwnt iiined in  reference 1 which describes 
the current nviiiltt1)ility st titus of 1111 Triios pic- 
t ures. Archivd prociednres are iilso being 
plitiined for the Tmos rrtdintion dnin. (See 
refs. 3 1111d 4.) As 1~1rendy mentioned much 
informdon can be giiiiied by working with 
the mugiietic tape itself. The first, meteorologi- 
ctd riidiatioii tapes which have been properly 
prepred  for use by scientists w e  iiow available 
for copying. They nitiy be obtained through 
the Weather Records Center of the Weather 
nureim. So far, iwchival tapes are nvailable 
oiily for the usable dtitn obtiiiiied from 102 of 
the first 439 orbitd ptksses of TIROS 11. There 
itre greiit problems involved in interpreting the 
datti from these tttpes. (See ref. 3.) These 
tapes tire furnished at IL cost, which is expected 
to be between $75 nnd $100 per reel. One reel 
contains 2,400 feet of inagiletic taps and con- 
tains the data from 1 orbital day of TIROS 11. 

For the forthcoming Nixnbus satellite system 
essentially the siiine type of archival system is 
pltinned except that there will be a much greater 
voliinie of (ItitiL which will necessitate more auto- 
n i d  ic procediires in retrieving the data from 
the tircliives. M~ichine methods will be em- 
ployed to locate data and probably copies will 
he furnished more selectively than is possible 
with current ~irchiving procedures. 
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Question Period 

RUDDER, Trinidad : How will we know when the catnlogs of TIROB 111 gridded or nongridded pictures become 
nvailnble 7 

PYLE: AR more archival films become nvnilable, notice will be Rent to all of the countries through the World 
Meteorologicnl Organization. In many caws copies of the cntnlogs will be sent through WMO to all c0unh-M. 
Announcements will also be put in the COSPAR Bulletin. I think that \I'M0 or the Weather Records center 
Would be the best coritact in the event you hnve any specific questions nbont whnt inny or may not be available 
at any future time. 
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2 1. SUPPORTING METEOROLOGICAL OBSERVATIONS 

By A. W. JOHNSON, Chief, Operations Branch, Meteorological Satellite Laboratory, US. Department of 
Commerce. Weather Bureau 

It litis been tidequtitely deinonstr~ated tlitit re- 
searcli on satellite data needs the support of 
other informtition obtiiiiied by more or less coii- 
vent ioiinl metuis. It niiiy be of help to those of 
other countries to describe briefly the proce- 
dures employed in the TJiiited Stntes to obttiin 
these data. 

A special iilert message, siniiltir to the alert 
message received in ot,lier countries, goes out 
over 1J.S. teletype circuits. This message tuito- 
mnticiilly plnces n roquiremeiit upon the went her 
stations to take siipplementary cloud observn- 
tions in the areti in  which the stitellite will be 
tactive. These tire entered on ta chart, mid are 
mailed to tbe Met,eorologiciil Satellite T~itborii- 
tory. These observtitions give nn indicat ion of 
the cloud cover in the wets i n  wliicli the siitellite 
has t aken photographs. 

Rcidiometer souiidiiigs have tils0 been ob- 
tnined, both in the TJnited Stntes rind in other 
countries. Sky photogrtiphs are tiilren ; t i  spe- 
cial effort is made to collect pilot reports; rocket 
soundings w e  taken. There liias been ti certain 
timount of zieriiil phot ogrnpliy, iand there litis 
been ii very definite effort to take coincident 
riidwr observnt ions, including pliotogriiphs of 
the radarscopes tit the tirne of ptismge of the 
satellite. Sp.iti1 surfuce rndiat ion inetasure- 
irieiits hnve been mnde, espc~inlly i l l  son10 of the 
World Meteoidogic:al Orgiiiiizrit ion countries. 
I here has born good respoiise frwn niniiy (*oiiii- 
tries to the suggestion, miide iii cmnect ion with 
Trim 11 and Trim 111, tliiit snppoiting ob- 
seiwitions bo ttilteii. 

T1iei.e seems to be soine question from mete- 
orologicnl services in  difl'ei*eiit, count ries RS to 
just wlint, observtations slionld bo m i d . .  The 
mtijor point of tho iiit ernittionti1 supporting 
observntion p r o g r m  is to oncournge observn- 
tions in ti part icixlw ILIWL for  the benefit of that 

r y  

tireiL aiid to encourage some research, 011 a global 
basis, of the sort that, has been described in 
various papers presented during this Work- 
shop. Obviously, it would be desirable to have 
iiifoimation on any special efforts wliich inny 
be made in pnrticiilar countries; in mniiy cmes 
copies of the iiif orniatioii obtained tllirough 
supporting progriims in other countries may 
be solicited ns tin aid to particular studies being 
conductled in the United States. 

Nevertheless, the invitation to take part, in 
II special observntioiinl program litis been es- 
tended with the hope that research on this fasci- 
nating new soiirce of meteoido~ical informa- 
t ion would be st,iiniilated in various countries. 
TI10 cooperative efforts desired are essentially 
thrit, vnrious types of conventioniil observations 
be taken insofnr as possible, coincident with the 
passtigo of the satellite. 

ItJ iniiy be Iielpful to describa d i n t  infoima- 
tioii cnii be obtained froin the ITnit,ed Stntes. 
The iircliivial process aiid the forms of resetarch 
datii iiviiilable linve been described in piper 20. 
It sliould be stressed liere thtit iall ineteorologi- 
cal informritiou ob1 tiinod by (lie IJiiited States 
is freely tavnilnble both for resetarch iiiid for 
daily openitioiis. It is :avriilnbls to till countries 
siniply for the tisking. In sonie cases nomixial 
diiirges tire intide for the cost of nrcliivnl film. 
T-Io\iwer, in generd, free tivtii1d)iIity of nll 
informiit ion is both fnct taiid policy. 

At, the 1-eadout stntioiis iiephnndyses 1~1x3 pre- 
ptared. This procedure lins h e n  described in 
vnrions pl iers  in  this Workshop. The basic 
informntion d)ont the sntc~llite and its prograan 
tiad t ih i i t  the (*odes niid cioiiiiiiiinicntiolis nieclin 
over wliicli the iiifoi-mat ion will become nvnil- 
iible is dist rihiitod through the World Meteoro- 
logicnl Orgiiniztation. A specinl nlert message 
wliicli is generally tideqiitite hi is been developed. 

I57 

? 



TJnfortunately, this message does not always 
reach all the countries desiring to participate. 
This alert message is transmitted daily on 
schedule and advises of the areas of activity of 
the satellite ; the activity for the immediately 
following 24 or 48 hours is given, as is the out- 
look for the next 7 days. 

The nephanalysis must be encoded after it 
has been prepared. The nephannlysis is re- 
ceived by facsimilie at the programing unit 
in Suitland in 3 to 4 110ui.s after receipt of data 
from the satellite, depending on the particular 
situation. The encoded message is then pre- 
pared. This is also done at  the readout station 
and transmitted to Suitland by teletype. Then, 
the coded message is examined to  determine 
if it, contains the proper details, is within 
word-count limits, or needs revision. Most 
important, message transmission is subject to 
available communications time. The means 
available for the distribution of nephanalyses 
are not at  all satisfactory. There are no means 
of transmitting photographs to other countries ; 
the means for obtaining the photographs 
promptly at the Weather Bureau are limited. 
The best transmission medium, perhaps, is 
facsimile. Almost all the use made of the 
information on an operational basis in the 
United States is from nephanalyses transmitted 
by facsimile. International facsimile is 
available on a very restricted basis; dependence 
is therefore placed on transmission of encoded 
messages by teletype and radio, which is regret- 
table. It is hoped that eventually there will 
be an adequate international facsimile system. 

Even in the area of teletype, the systems are 
not good enough. A Northern Hemisphere 
exchange system which links five major centers 
was established early in 1961. Those five cen- 
ters have distribution responsibilities which 
should insure that the information is ttvailable 
to everyone in the Northern Hemisphere. Even 
this system has not worked as dependably as 
was hoped. By comparison with the Southern 
Hemisphere, however, the problem is solved 
in the Northern Hemisphere. 

There are plans in the WMO to establish a 
system in the Southern Hemisphere comparable 
to that in the Northern Hemisphere. There are 
conflicting opinions as to whether the current 
proposals will work. I n  any case there will be, 
i t  is hoped, dependable links from each of the 
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Southern Hemisphere continents to some point 
on the Northern Hemisphere ring, so that there 
can be at least an exchange with the Southern 
I-Ieniisphere continents. There is real hope that 
one of the international aid progriims will make 
possible the implementation of the teletype sys- 
tem described. The best way to  disseminate 
these data is not known. The U.S. Weather 
I3ureaix has gone so f:ir as  to send commercial 
telegranis to meteorological services in various 
countries to inform them of app;trently signifi- 
cant events which could not have been known 
from conventional observations. 

For  TIROS IV, more than 100 meteorologi- 
cal services of the world are being invited to 
take part once iLg:Lin in a supporting observit- 
tional prograni. Another request to the Secre- 
tariat of the WMO to distribute a new code is 
being considered. Many of the deficiencies in 
t)he present code are recognized. Comments and 
suggestions as to how the code can be improved 
are encouraged. 

It has been suggestecl that, some indicator of 
confidence should be included in the code. The 
code which was distributed through t,he WMO 
has no such indicator althoixgh there have been 
messages which hnve included some plain-lan- 
guage remarks indicative of the confidence of 
the anttlyst in the material. An attempt, will 
be made to devise some means to include in the 
next code an indication of the confidence in the 
data. 

Another problem with the code is its length. 
It has been found that the more experience the 
readout station personnel acquire, the more 
complicated are the neplinnalyses they are able 
to prepare. This means that the message be- 
comes inordinately long, with the result, that, 
fairly often messnges are cut off to fit into coni- 
munications schedules or other messages are 
delayed because there is insufficient time in the 
schedule. Revisions :we being made. Conden- 
sation of the code is a major revision under 
consideration. There are possibilities of adopt- 
ing a code which uses both numbers and letters. 
This is difficult to transmit on teletype. There 
are other suggestions that a completely numer- 
ical code be used and that some redundancy be 
included so that at the end of each of the 1' 
lines of latitude i t  will be apparent, whether 
the information has been received. There are 
other suggestions that the same information 



that is contained in the heading be repeated tit 
the end of the message (niimely, the cloud in- 
dicators in the heading) so that if the first part 
of the message is missed, the informrttion will 
be available :it the end of the message. 

These corrections w e  d l  being considered 
very carefully. The Weather 13urenu is tinxious 
not to chtinge the code t 00 mt~ny times. A new 
code for every TIROB is undesirable. On the 
other htind, there are significiiiit deficiencies in 
the present code; thus, t i  new code is being pro- 
posed through the Secretary Generttl of WMO. 
It is hoped thtit the new code will be used tind 
that its wdequncies or inndequacies will be 
reported. 

A few remarks may be made concerning the 
improvement of meteorological communicn- 

tions. The satellite has proven that, meteoro- 
logically, communciations networks are inade- 
quate for routine communications with the 
Souther11 Hemisphere. I t  is also true tlint the 
siitellite provides a type of data difficult to dis- 
seminate in the Northern Hemisp1iex.e. Ideas 
and, especially, support me needed. Ways of 
improving the cominunici~tions systems ctcn 
probnbly be found. There are international 
sources of funds nvtiilable which iniglit be used ; 
countries which wish to receive satellite data 
routiiiely must be willing to participate in the 
requesting of those funds. It, is hoped thnt the 
countries of the world will join in the effort 
to improve the form of the product from TIROS 
niid other satellites nnd the meniis nvtdable 
for distributing it. 

Question Period 

BRUINENBERG: Netherlnnds Antilles : Is it possible to  have the picture trnnsmitted by rndiofncsimile through 
avnilable means? Many countries cnnnot be renc-lied by Inndlines fncsiniile, but. cnn be reached by cable, which 
will Cause extrn delny. It will cnuw further delny in hnving the cnble drcwdecl. What nre  the pof=ibilities 
of hnving i t  sent by rndiofnrsiniile, for instance, vi11 military chnnnels which nre nvnilnble? 

A. W. JOHNSON: It is possible to send photogrnphs by rndiofncsimile. We hnve not experiinentecl enough 
with this to know what to  expect. I think routine triinsmission of the neplinnnlyses by 1-adiofacsimile will be 
possible soon. 

Are you suggesting thnt the WBR brondcnst, which eventually will he 11 fncaimile broadcnwt, lncliide photo- 
grnphsi rnther thnn, or  in nddition to, the nephnnnlysis? 

BRUINENBERG: When i t  is in  operntion I 11111 sure thnt the fncsiniile brondcnst will be the fnstest form nvnil- 
able. I ani sure thnt the fncsimile nephannly8es will be best, brit the nephnnnlym should still be transmitted 
in  coded form for people who cnnnot m v i v e  fnesimile. 

A. W. JOHNSON: I n  my pnper I mentioned thnt we rwognize very well thnt the best piece of mnterinl to give 
you is the photogrnph i8elf. We nre hoping tlint before too nmny yenrs go by we cnii mnch this polnt. There 
have been mnie diwussions with commercinl interests on the rnrlio trnnsniission of actual photographs in  specin1 
cn888. Thew trnnsmissions would not be n routine thing necordina to  nresent thinking. They would take the 
plnce of thnt which is now b d n g  done by t e l ~ r a i i i :  thnt is, when ruigniflcnnt evontw nw wen which we think 
you do not know nbout from other means, a telegrnm is sent. W e  hnve s t i i d i d  the sending of nc tml  photographs 
of what we hnve seen. This involves devising n gridding prnredure; i t  involves fncilitles which we, n t  this 
moment, do not hnve but are investigating. This would menn thnt n t  our selection, under the present plan, we 
would Rend these trnnsmissions to countries thnt we think ~ h o u l d  know of the pnrticulnr unusual pheiiomenon 
that  we have wen. This does not menn that  we nre  nnticipnting routine distribution of the type which you 
nre asking nbout. 

SCHWARZ, ICAO: Will it be pos~ible  in the nenr fnture  to include estiniates of (*loud-top heights derived from 
the  rndintion dntn both in the pirtorinl representation n s  well ns the code? Will i t  be possible to include 
informntion important to nvintion, like specinl indicntions of monntnin wnves visible in TIROL? pictures, j e t~ t renni  
clouds, and &o forth? 

A. W. JOHNSON: Mountnin wnves nre in  some instnnces di,scernil)le i n  the TIROB photogrnphs. It wonld niean 
quite a special problem to sort out ewes of mountain wnves for  n pnrtirulnr intererst, such nR nvintion. TU8 
could bo done, but i t  is not now in our speeiflc plnnning. The wnves would appenr In enm1C.d form in the 
nephanalysis itself. However, to  establish nn nlert system with re,fqW't to 11 single phenomenon for  the benefit 
of neronnuticnl interest# would rniise some very difflcnlt opcrn tionnl problnns. TVe h o p  tlint the nephanalysis 
itself just  as i t  Is received on the regular rircuits thnt nre nvnilnhle in wenlher offlres will identify phenoniena 
of thnt  type ndquntely for your 1188. 

The other qnestion involves inensuring the height s of (*loud tops from sntellites. This cnpability iS no& 
existent, but resenrch lending townrd thiff cnpnBil1ty iS underwny. Rvc+ntiially, with the Nimbus satellite nnd 
fur ther  developments, WQ hope that  c-loud-cover inforinntion will be nvtiilnble on nn operntional basis day and 
night, which means that  the radiation inforinntion will be the basis for  obtaining it. This is well over a year 
away. 



RAHMATULLAH, Pakistan : We are very much interested in getting information, at least in plain language, about 
cyclonic storms i n  the Indian Ocean, the Bay of Bengal, and the north Arabian Sea, where the  observational 
network is very spar%. I do not know what arrangements have been made for transmitting nephanalyws over 
the Asiatic network. Sometimes we tune to Tokyo, but most of our supplemental broadcast da ta  are from New 
Delhi. Somehow, because of communications difllrulties, we have not been able to get any of the nephanalyses 
so far. Pending completion of arrangements for  getting nephanalyses, could i t  he arranged through the WMO 
to transmit important nephanalyses warning signals, something like “storms in the  north Arabian Rea, watch 
out,” in  plain l a n w g e  to  the different countries or to the supplemental centers like New Delhi or Tokyo? 

A. W. JOHNSON: There are  one or two easy ways to answer that question, although I feel it should be answered 
by Dr. Langlo of the WMO. New nelhi  is one of the five principal centers in the Northern Hemisphere exchange 
system. The messages inc4ude a n  indicator whirh requires that  they be transmitted from New York on the 
Northern Hemisphere exrhange system via Frankfurt  to Mwcow. Similarly, they go from New Pork via Tokyo 
to  New Delhi. Each of these centers, by TVMO arrangement, has the reqmndbility for  redistribution of 
material in  its area. I do not Wish to avoid your question, but; your problem, I might suggest, is with New 
Delhi and not so much with us. We have cwresponded with these centers and we have urged them to do the 
redistribution that is required, and all have agreed to  do so. However, your request is not unique. We have 
8imilar complaints from other places which do not happen to  be principal centers on t,he ring. 

For the rest of your question, the best that  w e  have been able to  arrange so f a r  for  the particular case8 of 
severe &orma in sparmdata  area# is  to  send merial comnierc4al telegrams. These would be nddreswd to 
Karachi and would advise your service that  ti storm exists. I f  there iu a storm that  concerns Eas t  Pakistan, 
we would still send the message to Karachi, as well an a message to  your center in  Dacca. We have standing 
instructions in our ofllces to watch, expec.ially in spnrwdatn areas, for  tropical Rtorms and to  wnd -cia1 
teleg&ms. Messages of this sort have been sent and have been well rec.eived. I t  happens tha t  since we set 
up the procedure, I do not believe we have had occasjon to  observe any storm in your area of interest. There- 
fore, there has not been a message to you. Most of the messages, I think, hnve been Rent to the f a r  western 
Pacific. Messages have been sent to Japan, the Philippines. and Australia, and to  certain 1J.S. island interest8 
in the  Pacific. 

LANGLO, WMO: Since WMO has been mentioned in this connection, I should like to say a few words. First 
of all, I think all of us should thank the United Maten for  whnt has  already been clone in distributing these 
data. I think every country, and the Organizntion it*wlf, is inrl-1 very grateful to the TJnited States for  their 
great effort in making the.% data  available. 

In order to improve distribution of these dntn. i t  i s  niost important that  enrh country take the nwemary 
initiative to improve i t s  own tele(,oininunic.atic,nFt. Unless ewh country improves the various m e a m  which can 
be used to transmit thew data. vem little nrogrcrrx can be mnde. You cannot exrwct that  the WMO can do 
everything in  this ronnection. I can assure you that  we are  trying overy powlble means of improving thew 
communications. This is not sufficient. We need the full support of every rountry. For particular dimculties 
in particular regions I think I have to remind yon about lhe ileddion of our Executive Committee to refer 
regional problems to the president of the regional association. I think any difflmilties you have in one particular 
region should be taken up officinlly with the redona1 association. 

For the future there is no other way than to  follow the reronimendations of our panel of expert8 on fmklliks 
which, as the fir& priority, recommended the transmission of the I)hotomosaic ~ ~ i c t u r e s ,  which unfortnnntely is 
not possible because the means are not nvailable. The w o n d  priority is the transmission by Pnrrdmila of the  
nephanalysis, and as the third measure, there is the coded mesnage. 

VAN DER HAM, NetherlandR: We are glad for  the alert messages, hiit whnt we should nlso like to have in 
advance is information on the t imw of nscendjng nodes. and so on. Would thrit he posMble with the next 
Trnos satellite? 

A. w. JOHNSON: I think i t  is possible, but is the problem that  the alert messtige is not adequate? 
VAN DER HAM: We know the times of photographing only 1 day in ndvanc-e, and we Rhoiild like our organ- 

ization to have an idea of the times of the pawage of the fltitdlik, let us say, a week ahead. It wiis planned 
for  TIROS I1 that we would get times of passes of the satellite for  several days in  ci(lvance. 

A. W. JOHNSON: The alert message is  d w i p e t l  t~ give you quite a few days of plnnning information. We 
do not know ourselves, as f a r  in  advance 11s you arc* risking, just  whiit the photogmphic proprim of the sntellite 
is going to be. I n  order to  distribute the orbital information every plac*e, regulai*ly, I woiild have t,o know more 
clearly just  why it would be of iise. I 
had understood that, i n  general, the alert mesungo hnd h w n  u c c e ~ ) h l  IIR ndequats for  plnnning, once you knew 
roughly when the satellite wan going to  be in orbit. In  other words, you can makc plnns now for Trnos IV, 
and then can implement them on a daily basis when you get the  message from UR. 

Mr. Stroud, you might want to  qwak 118 to  whether thirr is feacuible. 

D. S. JOHNSON: There is a 7-day alert which is about as  much as anyone can give. 
A. w. JOHNSON: It is a n  outlook type of alert. 
STROUD: I think the question has  been anmered.  The problem of directly tranHmit,ting all the computed 

orbital information for  2 or 3 weeks in  advance would be a tremendous task. 
D. S. JOHNSON: I think the gentlemen would be happy with the time of the ast*entling node. However, I fail 

to we how this would satisfy the purpose since you would nlso have to know which orbit could be  contacted 

The nc.tunl program is mnde up only the driy before. 



and where pictures would be taken along the orbit. This infornintion cannot be given in  advance. This infor- 
mation is contained. I helieve. in the 7-day forecnst. As Mr. Stroud pointed out in i)aper 10. there air, many 
changes thnt occur sometimes even a few hours before acquisition. I n  genernl, we t ry  to keep chitnges to a 
minimum. Occaeionally, there a r e  problem tliut appear. Thus, I ani not sure thnt only the nscending node 
information would be of great help to  you. 

TORRES-MOLINERO, HonduraR : If, during the alert period, for example, the satellite is going to pass over 
Central Amerirn, whnt would be the  best nienns of taking ndvniitwe of the pnscnige of the satellite? On the 
passage of the mlellite, we just  ninlre coninion observations; I V ~  do not do nnything special. I mould like to 
know what  we cnn do to  take better ndnuitnge of it. 

A. W. JOHNSON: The nlert is designed speriflcnlly to inforin those coiintries whirh hnve decided to ostnblish 
a. special ol)servntionnl progrnni thnt the sntrllitr will be nvtire in tlirir nren. If you do not intend to supple- 
ment your routine obserrational I)rogriini, the nlert iiieswgr will d() you no gml, ex(-ept that $011 might learn 
from it thnt on the following di iy there niny be infoimiitlioii of interest to you in iiepliannlysls foriii. The alert 
is designed to  enable services to begin supplenientrury o1)serwtionnl progrnms. 
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22. NASA METEOROLOGTCAL SATELLTTE PLANS FOR THE 
1WTURE 

By MORRIS TEPPER, Director of Meteorologicnl Systerns, NASA 



The Nirnbiis family will be :L family of satel- 
lites with many common components, sucli as 
data storage, cont rols, orient :it ion, stnbiliz:ition, 
data transmission, structure, :ind so on. I t  wil l  
h:ave i i  flexible c:tp;ihility for  improving old :and 
intr*oducing new systems as rcqirired. T h e  first 
satellite in the Ximbrls family is tliie to he 
1 aunchtd 1 til P i n  1 962, wit 11 si ibseqiw n t 1:iii 1 1  (.lies 
:it :ihont 6-rnoiitli intervials. Since Ninrhiis will 
be earth sttil)ilized, its c:inier:ts ;and other atmos- 
pheric sensors will ;tlw:Lys f:ice the e:irth. 
Moreover, I)ec:iusc: of the poliiI* orhit, Nimbus 
will view each ;tre:a of the (wrth iabol1t twice ;I 

day. 
Figure 22-2 shows the Nimbus satellite in  t l i ~  

enrly tlevelopment stage. It will be iihoiit 10 
feet tall and : h u t  5 feet xcross ;at the b:ise. Th(1 
weight of the first Nimhus satellite will be :rl)out 
600 pounds. Tlater versions with more sophis- 
ti(::Lted sensors :ire exp d to weigh np to 800 
pounds, or possibly more. The satellite will 
have i i  lower part shaped like :i 1i:itbox wherc 
the sensor equipment mill be located ; the upper 
part is the control section :and will orient thr  
satellite properly. The two s 
~onnected by struts. The solar plntforms, indi- 
cated in figure 22-2, will be f:istened to n shaft  
extending from the control sextion.  the^ plat- 
forms, which will be controlled nlwtays to fare 
the sun, will be coverrd with solar cells to  pro- 
vide power. The section on the top of the 
connecting s t ruts  will provide the controls t o  
keep the  s:itellite axis arid the sensors always 
pointing toward the earth. The lower sed ion 
contains the sensing units. 

FIGURE 22-2 
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L\s presently planned, the Nimbus will con- 
t a i n  vidicmi cammas wit,h wider coverage and 
I)et fer reso1nt)ion th in  those in Tircos :and a num- 
her of irnprovecl r:idi:it ion sei~sors. TIN? lower 
sect,ioii of Nimbus is being designer1 on ia mod- 
ulnr or st,iindnrdizc?tl compirtinent, basis. The  
electronic niodiiles shown i n  figure 22-2 can 
therefore be rep1:ived i n  l:il,er versions of the 
s:iteIIite witli imi)roved or new t , y p s  of equip- 
ment wit horit redesigning the cn1.ir.e sntjellit,e. 
Tn 1:iter Nimbus satellites it. may be possible t,o 
iiic:lutle new t,ypes of sensing eqiiipment, such 
:is ini:Lge ort,li icon television c;imeras t ha t  can 
provjde cloud d:it,:i pict,iires at, night;, :I r:dnr 
set t,o 1)rovide dnt,:i on fhe :ireas of precipitx- 
t ions, :L riidiittion spectrornet,er t,o provide in- 
form:it,ion on t lie temper:tture st.riict;nre in the  
sf rxtospliere, :and :I sferics (le 
thunderstorm arc?n.s. An 
camera for  ii more t1et:ailed v 
weather syst,ems is also under development. 
Also pl:~nned is :i tlevicc for mo:isnring t,he solar 
constmf or the tot,;il so1:ar energy impinging on 
1 h e  e:trt,h. The  gonerd ch:ira 
Nimbus f:imily  re presented in tnhla 22-1. 

Even the first, Nimbns, a1t.hough primnrily :an 
experimental research :and clcvelopmmt, space- 
craft, ciin he used t,o provide d a h  for opera- 
tion:Ll purposes. P1:Lns exist, for t,hese data to 
be sent, in real time from the dat,:i, ncqnisit,ion 
st;at.ion in Fairbanks, Alaska. The re:ason for 
:I stat,ion in Fairhinks is t,he fack t3hnt; the space- 
cr;Lft, will be in po1:ir orbit. :and  :L northern 
statlion c:Ln acqnire more d a h  :as 1:hn snt;ellit,e 
orbits the e:irt,h. The  ideal locations ~vonld be 
exactly a t  the poles, of conrse, or close tm t,hem. 
The d a t ~  will go from Fairhanlts t,o the Na- 
tional Met>eorological Center of the 1J.S. 
Weat,her F31ire:~n at) Suitland. There, t,he dat-:a 
will he nn:ilyzed and the resiilt,ing wcafher in- 
formnt,ion dist,ribiited to h t , h  civilian and mili- 
tary wcat,her st,at,ions. Prom i t s  earliest, 
conception Nimbus has been p1:tnncd to serve 
:LS the  hasis for the spri ria.fts of t,hc first, O ~ W R -  
1,ion:il met eorologicd llite system. As t.he 
TIROR : ~ n d  Nimbus satellites rotate :ironnrl the 
earth they view different; porLions of the geogra- 
phy of t,he earth. ‘I‘h~is, t,he evo1nt;ion of :L 
weat,hcr syst,em can be followed only by stiidy- 
ing data oht,ainecl in siic. i ve pnsmges of the 
satellit,e over t,he same area. Several hours may 
elapse between passes. The meteorologist is 



TABLE 22-I.-Nintbrrs Afctrorologicnl Rntcllitr 

80' rrt,rogriidc (qutisi-pohr; ronst ant lorn1 time). 
600 ntiuticitl milrs (f 30 ntiut,ic:il miles; 3 sigmci). 
108 min. 
I'ncific Missile Itiingc'. 
Friirbrinks, Alnskn. 
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FIGURE 22-4 

Nimbus with the controls, the power, and the 
sensory configuration. A change that might be 
possible in future developments would be, for 
example, the incorporation of a nuclear power 
supply where the present paddles are replaced 
by a smaller power supply. Another possible 
change is to incorporate reaction sphere con- 
trols instead of the present jets as indicated in 
the top right sketch. The rest of the confgura- 
tion is shown to remain the same. Also, the 
sensors may be changed by including a radar, 
with a 20-foot erectable antenna as shown, jn 
the bottom left sketch. Another possibility 
would be to add a spectrometer as shown in the 
bottom right sketch. These changes are all 
conceptual a t  present. There are no specific 
engineering drawings. 

The flight program is based on a continuing 
research and advanced technical development 
program for developing techniques, compo- 
nents, and prototypes in such areas as improved 
radiation sensors, studies of atmospheric quan- 
tities that can be measured by improved sensors, 
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improved mechanical and electronic components 
of flight systems, and improved and new mete- 
orological sensors such as those mentioned 
previously. The most critical areas in these pro- 
grams deriving from the volume of meterolog- 
ical data and the requirements of the opera- 
tional meteorologists are the reduction, the 
processing, the transmission, and the presenta- 
tion of the meteorological data to the weather 
forecasters in as near real time as possible. 

The determintation of signficarit meterological 
content of the satellite output, is a key factor in 
resolving these problems, The meteorologists 
must determine beforehand the real meteorolog- 
ical content of the data output because only 
through this type of study will it ever be possi- 
ble to reduce the volume of information so that, 
it may be transmitted with the existing facili- 
ties or even with improved facilities. Thus, 
if the si gn i fican t? m eteorol ogi cal content of the 
output is det,ermined, r;tpid transmission tech- 
niques may be refined to miike this information 
availihle to the field personnel in time for use. 



Developments under study in this field in- 
clude satellite onbottrd t~nalysis techniques for 
extracting the useful meteorological informn- 
tion so that all the data do not have to be trans- 
mitted. Other developments required are spe- 
cial techniques for data presentation, automatic 
snalysis instrumentat ion, improved tri~nsmis- 
sion fncilities, tmd tdvttnce communications 
relays. n a t a  compression techniques, in which 
a good den1 of progress has nlrendy been made, 
are used to reduce the biindwidth in the trtins- 
mission of pict,ures and shoald be included in 
this list. 

I n  nddition to the efforts that t~re required 
for the development of advanced qmcecrtift nnd 
iissocinted systems, continuing attention is also 
needed for the solution of t~not,lier fundtimental 
data problem: The study t ~ n d  nnitlysis of tlie 
datn in order t,o provide better tinnlysis and 
forecasting techniques tmd improved under- 
standing of atmospheric processes. I n  this 
study the primary responsibility rests with the 
Met eo rol og icnl SSnt el 1 it e T h o  rat ory of the 1 J. S . 
Weather Ruretiu, the resemch ngencies of the 
military services, the universities, tind other re- 
search organim tion s. 

The volume of d a h  aIreiLdy ticqiiired by the 
TIROB sntellites and of datn expected from fu- 
ture me teor'ol ogictil sit t el 1 i tes is enol.m ous. 'I'h e 
Weather nurenu land tlie other weiit her-dntn 
iisers tire analyzing these dtitn in resewch p -o -  
grnrns and applying the results to operational 
weather purposes. Attempts are being made to 
encoiiriige in cretisi ng n ii nibers of i 11 vest igti tors 
to study these dnta through nggressive cont ticts 
with the scientific community in genertd rtiid 
with university research groups in ptirticiilsr. 

T3y metins of this Tnteriit~tiontd Worlrshop 
itnd other similar ones to follow it is hoped tlint 
the scientists i n  c~ountiies d l  over the world will 
rolisiilt one  ino other with regard to their indi- 
vidutil data-antdysis endeavors. Other inter- 
ntitionril nspects mity hc listed 11s follows : 

(1) The transmission of nephanalyses.-It is 
plnnned to continue the current prnctice of dis- 
semimting internutionnlly the nnnlysis of data. 

(2) Non-U.& command and data acquisition sta- 
tions.-The fully operational system currently 
being developed in the TJnited Stntes is de- 
pendent, on le& one comninad tmd data 
itcqiiisitioii station on foreign soil. This phase 
of the progrnm is in its early planning stages. 

(3) Ultimate direct readout of the data by for- 
eign countries.-A inore direct way of milking 
t~vailnble to any country the weather informa- 
tion in its iinmedinte ttret~ of interest would be 
by nieans of IC direct readout of sntellite t r n s -  
missions. TJnder study at presentj me problans 
connected with intiking nvnilable to  IC foreign 
country nrquisition stations programed for  non- 
destriict readout of stored data ns well tis direct 
rendont of the sntellite tmnsmission. This 
would be 11 very significnnt n.nd important 
development . 

At, l)resent, when the satellite dattb are rend, 
the diitta are destroyed to make room for the 
snbseqnent gtithering of dnta. When a non- 
destriict readout rtilmbility is developed, tlieii t i  
conntry with nn ncquisition station will 'be able 
to interrogate the sr~tellite and o b t t h  the data 
without destroying these data for another coun- 
try. Ilere, tumther problem will be encoun- 
tered, however, ruid thnt is the power supply. 
If there itre too many interrogations, there 
niight be 1111 excessive power drain on the 
satellite. 

(4) The possibility of international participa- 
tion in a unified global operational meteorological 
satellite system.-A truly internationnl opern- 
t ional system cnn be foreseen with satellites 
t ritnsmitting global olservtktions to t~ World 
Meteorologicit1 Center and inow restrictive dntn 

ly to i~gional,  nationid, and local centers 
t ~ n d  nations. The World Center would provide 
globnl i~nalyses itlid longer period forwasts, 
wlierens the other renters would conrent rnte on 
meteorology of a mOrA locd natnre. 

Question Period 
M C C ~ J L I . ~ C H ,  Cnnndn : Dr. Tepper, ie it Rnfe to nrrgiiine thnt the hlgli-reaolution (*nmcrn plnnned for Aeros could 

be pointed at  nny location within the trnipernte nnd tro1)iccil zones rind tlint the lmintinji o f  this cninern wuld 
t)c (*hanged from time to time 11s vnrlourr nrenR of interest iiiove? 

TEPPEii: The nnewer ia yes:  this if4 whnt we would like to be nble to do. 
VAN DER HAM, Netherlnnd~ : Could yon tell to whnt Intitudcs tlie cnnierii of Acros would be nble to iiiove? 

TEPPER: I think thnt it goes to nbout the Arctic. nnd Antnrctir Circles. Of cr)iirxc\, tlirre will be considera1)lc 
Whnt northerly nnd Roiitherly lntitiides? 

dnta coinpression in those arens. 
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23. AN OPERATIONAL METEOROLOGICAL SATELLITE SYSTEM 
By DAVID S .  JOHNSON, Chief, Meteorological Satellite Laboratory, U.S. Deprtment of Commerce, 

Weather Bureau 

The philosopliy of tlie proposed operntionnl 
system nnd some of t,lie internat ioiial implicn- 
tions involved tire discussed in reference 1. 

Shortly after tlie It~uiich of Tiaos I, when it 
became evident that operational use could be 
made of diitii from the first experiment til mete- 
orological s d e l l i t ~ ,  there WRS ti growing interest 
in tlie United States in the possibility of devel- 
oping an operational program. I n  fact, only 
60 hours elapsed betwwm the launch of TIROS I 
rand t]he time first opertitionnl use was mrtde of 
the satellite infornint ion. 
Subsequent to the lnuncli of TIROS I, ti number 

of discussions regirding nn operat iontil system 
were held in the TJnited States niid working 
groups studied 1 he problem. Bnsed upoii the 
oo~iclusioiis of these groups, it WILS decided to 
proceed with the development of a nntionnl 
operational meteorologicnl satellite systeni 
based upon the engineering and deve1ol)lnent 
work of the NASA.. 

The initial phnse of the opei-tationnl progr1iiii 
will supplement the previously plnnned NASA 
reserircli and developnient program utilizing the 
Nimbus sptacecmft, which has been described in  
paper 22. The objective during this first phnse 
is to nssure the collection and dissemintition, on 
11s nearly 11 oont inuous I~nsis as possible, of dntn 
which w e  known to be useful for operntionnl 
purposes and which cnn be processed rnpidly. 
The first phnse involves iiicrensing tlie number 
of Inunclies of the Nimbus siitellite over those 
which hiid originnlly been plrinned wid iniple- 
inenling additional ground fiicilit,ies to ol)tnin 
globti1 coverage i ~ n d  i o  process the data for 
opertitionnl use. NASA is constructing II coni- 
miincl and diLt:L acquisition st n t h  at Ti'iii~~l~~nlcs, 
AI d m ,  whicli is nenrly complete. 14owever, 
this single strition will not supply globiil cov- 
erage. At Ietist, one ndditionnl sttation is iv- 
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quired. The operat ioiinl program will add this 
station to tlie network. Also, thore will be nn 
nccelerntion of tlie development, of automatic 
chit ti-processing techniques, iiicludiiig wide- 
band coiriniunictitioii facilities niid other f a d -  
itirs required for the riipid processing of the 
dntn in  order to nssiire riipid dissemination to  
meteorologists. 

It, is Iioped, then, thnt very early in the re- 
senrrh and development phnse of Nimbus, oper- 
ntionnl use ciin be innde of the dntn on ti iiearly 
continuous bitsis. Although this still would be 
in conjunction with tlie research and develop- 
ment progmni, it would provide globnl covec- 
tige 11s soon ILS possible tinct with ns few brenks 
11s possible. Obvioiisly, wlieii one satellite ceases 
operntion, n certain i~niouiit of time will be 
required for II second si~tellite to be plncod in 
orbit iuid begin opernt ing. 

The objective of this progrmi, following the 
first phnse just, described, is to nssure tlint, one 
polar-orbit ing sat ellite is in opertitioii cat 1\11 
times. This would then nienn that every point, 
011 the ewth would be viewed at, least, once in 
dtiyt ime, except for the winter pole, nnd would 
IM? viewed tilso once nt night, every 24 hours. 

At, nn -80° retrogrnde orbit and at the design 
til t i t ude, the orbit will precess in such ta innnner 
that, tlie orbitnl plane will conti~iuo~lsly contain 
the enrth-sun line if the sntellite has been 
hiinched to cross the Equator tit npproximntely 
locril noon or locnl midnight, on the Ilscending 
iiode or descending node, respectively. The t imr 
of qii i i torid crossinp would continue tlirough- 
out most of the lifetime of tlie sittellite. This 
wonld tlien iiitihe t~vnilnble the best illiiminnt,ion 
for the dttylhie cloud pictiires. Anotlier by- 
product ivoiild be t lie nvnilability of the spec- 
ular reflection of the imnge of the siin on wtiter 
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surfaces from which it may be possible to infer 
sea conditions. 

There are no definite plnns at the moment for 
the future expansion of ‘the oper:ition;al system 
based on the Nimbus type of satellite. How- 
ever, there is the possibility of h:iving two such 
satellites in orbit :it the s;me t,ime, Inunched so 
that there would be observations tit 9 a.m., 9 
p.m., 3 a.m., ;and 3 p.m. (loctil times) of each 
point i n  the vicinity of the Equator. Of course, 
these times will shift to some extent tts the statel- 
lite moves to higher latitudes. Roughly, there 
would be an observation :it least once every 6 
hours near the Equator. As the stitellite nears 
the poles, it will see the ewth much more fre- 
quently. Above 8 O 0  there will be very frequent 
observat ions. 

I n  regard to frequency of observations, i t  is 
interesting to look still farther into the future 
when orbiting satellites of the Nimbus types 
and the Aeros stationary type of satellite will 
be operating simultnneonsly. With this combi- 
nation there would be very frequent observn- 
tions in the polar arew from the Nimbus satel- 
lite and nearly continuous observations of the 
remainder of the erarth from the Aeros satellite. 
These satellites would indeed complement, each 
other insofar as frequency of observations and 
coverage is concerned. At the present time it 
is felt that there :we a nnmher of experimental 
measurements which can be mtide from the 
Nimbus satellite which would not be made, as 
f a r  as is now known, from the Aeros statellitk. 
Thus, there are other considerations in the se- 
lection of the orbits and the altitudes involved. 

In  the initial phases of the operational system 
it is planned to use comunication links with a 
50-kilocycle bandwidth between command and 
data acquisition stations and the National 
Meteorological Center a t  Suitland, Md. This 
bandwidth will dlow all the data collected on 
one orbit, to he transmitted to SnitJmd before 
the next orbit is received. This is essential; 
otherwise the volume of dat;i would quickly 
become overwhelming. 

It takes approximately 10 minutes to receive 
from the satellite all the information that, will 
be stored on Nimbus from one orbit. Then, by 
extending the time for playback over the wide- 
band communications link, the data can be 
transmitted over a period of approximately an 

hour, using 50 kilocycles rather than using a 
bandwidth of approximately 3 megacycles or 
more which would be required if the data are 
to be transmitted at the same rate of speed at 
which they are transmitted from the satellite 
to the command and data acquisition station. 

There are many factors to be considered in 
the selection of the number and location of 
command and data acquisition stations. As in- 
dicated in paper 22 there htas been no final de- 
cision in this regard. One consideration is the 
problem of comniuniciation. It is more severe 
than such a problem :as finding 3-kilocycle 
bandwidth lines to trruismit, nephnnalyses by 
ft~csimile. The magnitude of the problem of 
this type of communiccttion is tdready known. 
However, if mitximum use is to be made of data 
;available, wide bandwidth communicntion lines 
:ire essential. This, then, does limit selection 
of station locations to a considerable degree. 
There is a possibility of using communic a t’ ions 
satellites not only for meteorological satellite 
data but :is a solution to the total problem of 
data ,transmission confront)ing meteorologists. 

The reason for transmitting the data from 
the command and datti acquisit,ion stations to 
Suitland is that, particulnrly with more than 
one station, it is more efficient to centralize the 
rather complicated data processing thtit must be 
c:irried out, before the meteorologist can make 
maximum use of these data in real time. Also, 
the meteorologist must consider not only satel- 
lite informntion but, all meteorological datti 
tivtdable. The Niit ionnl Meteorological Center 
serves as a collecting point for :all observations ; 
thus, the Center would incorporate not only 
meteorological satellite data but till meteorolog- 
icid datu of which the satellite provides a part. 
The processing of these data would be carried 
out, $is a whole to provide integrated :mnlyses 
and other products in the v:wying forms re- 
quired for a mull itutle o€ :~pplic:~tions. This 
:dso makes one consider how ti meteorological 
service might look, say, 10 to 16 yews from now, 
when there is :L fully operutionnl nieteorologicnl 
satellite system, tis well ;as other developments 
in meteorologicnl sensing such RS radar, surface 
observations, and upper :air soundings. 

When one considers the ftmtmtic amount of 
information which confronts the meteorologist 
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m d  the great, diversity of app1 ications whicli 
have to be made, it is obvious tlixt there must 
be specializat,ion. Sonic forecasters ~ n u y  coil- 
centrate solely 011 the Iirediction of severe local 
storms, 01 hers m ~ y  be concerned with long- 
rmge  forecasting, :tnd so forth. 

As mi es:iniple of the volunie of d t~ t t i ,  :t rougli 
estimate wits ni:ide tlint 10" bits of dtit:~ ( i n  coni- 
puter pw1:iiice) will be nv:til:ible froin cloiid 
pict,ures for  one orbit of Ninibus. This enip1i:i- 
sizes the need for plnnning very seriously jnst 
how tliis infoi*iri:itioii is to be Iitmdled, its ap- 
plication, :ind how lo deal \vit,ll the total prob- 
lems of the system. 

There certninly will 1~ :~pplicntions of these 
dnt 11 for all wrying sc.:iles and \wrying needs. 
T l i u  question nrises: I low best cnn the fore- 
citstei-s who :we going i o  ] d i e  tlie final rbpplicn- 
tioii 110 sri*ved whrn tlic viwiety nnd voliiine of 
d:tt:i tlint will h i  :iv:iilnble to tlieiii nre con- 
sitieiwl ? 

Certninly, tlicrn will 1 ~ 3  :L grcliiter centmliza- 
t ion of specid ized folwist ing 1v11crc wrioiis 
iiictcorologists c:in dr:i\v 11p011 portions of the 
siitellitc d:~t:i foi. spevific npplicntion. This 
would npply iiioi*e t o short -r:mge forecasting 
t l i :~ i i  to c~steiidrd-i~aiipe or l~riiiisplic~~ic foi*e- 
c.:isting. 

Reference 

1. WEXLER, H., and JOIINBON, D. S. : Metcovologiral Batrllitcs. I3ull. Atomic Scientists, vol. SVII ,  nos. 5-6, Mny- 
June  1961, pp. 18&190. 

Question Period 

SLATER, U.S. Ail* Force: Ilow many orbit8 cnn be rend out froin the Ftiirbnnks, Alnskkn, stntion? YOU would 
have about 13 orbits froni Nimbus. 

D. S. JOHNSON: There nro slightly less thnn 14 orbits per dny, nnd of' thew, 9 ('nil be miid out a t  Fnirbnnks. 
The remainder would be missing. 

NANCOO, Trinidnd: If tlie first Aeros sntellite is orbited 111 a sllwed npl)rosiniiitely gun1 to that of the w i n  
of the earth, unless you have n caniei-n thnt cnn tiilte pi(ytures t i t  night (lo you not thiiilc thnt i t  woiild be of 
inore advrintnge if the sntellite were orbiting nt a diffeirnt rnte when pliotogmphing the light side? 

D. S. JOHNSON: ThiR point i R  well tnken. One of tlie objec4ives, of ('oiirse, is  continuous surveillance. Much 
consideration is IAng given to the development of systtbnim which c*oiild oliswve the cblouds nt night us  well as in 
daylight. However, to t-lenr up nriy po,wible doubts, Aeros will lie orbiting with tho rotnt.ion of the eni-th so 
that  i t  will effectively reinnin a1)ove n single point on the  14Cquntor. 

MCCLJLLOCII, Cnnrtdn : Wliilt nre the geogriiphicnl iiniitntions of the scccml coniniiind rind diitn aicquisition 
Rtation which you postulnte will be needed for Ninibiis? 

D. S. JOHNSON: Thnt is  n difficult question to nnswer uniquely s1iic.e there nre n nunibri* of 1)nninieters to be 
considered. It would be inost ilesirri1)le to (wisider R sttitioil wliidi would I)@ septiriitcrl 180" in longitllde f1wn 
the ~ n i r l m n l m  skition, if the Fnirbanks trrhition if to bo t*oiisitlerctl ns one of tlieni. IIo\~Tver, theiv i s  II ~'011- 

Rideniblo range beyond this point. You Iinvc, c*onsidering two stntions, two ncquisition rii-des within which yo11 
will see the satellite for  tlie iiiininiuni 10 niinutes required for tho iivquisition of tho dnhi. I believe thnt the 
radius of these cii.cnles is nbout 1,200 nantic*iil niilex. If the Imsit,ioris of the stations nre se1tr.tt.d SO thlit thWc 
two circle# are jiist tangent, nnd hopefully then woulcl c~ovw 180" of longitude, you monld int cwcpt 1111 t lie orbits. 

One is to use two 01' niore Rhit,ioIlS n t  II soiiieWhiit IO\wr Irl~tllde WhCTC 

10gistic8, ronliiiunirntioiis, iind living iicc.oiiiiii~littiorts ni-e less difficwlt.. Ono also coiild cwisider incronsing the 
orbital altitude of tlie sntellite whieh would inrrcmm the rndlus of c.ric.11 ncquisition c4i.c~le. There iii'c II nuniber 
of other pennutations such n s  these, but these nl'e 1 he types of c'onsideriitions thnt go into dete1'lllillillfi the 
vnrious coinbinntioiw of lociitions that  could be uwl. Tlirre litis (~ven been c*onsidwntion given to thrcv sttitiolls. 
Of course. oplv one wt~it.ion would be required if it were 1~01ew~ii.11 of 81". Tlierr tire \wrying voints of view 
iibout establishing 11 stiition nt those Intitudes. 

There are other possibilitieh.. 
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241. GENERAL DISCUSSION 
JAMES, United Kingdoin : First of all, I thiiik we sliould c80n~riitulnte NASA rind the U.8. \\’Rnther Burenu 

on this incredibly ambitious prognini. I t  (’onics ns qllite II surprise. 
I just  wonder if we are 1\11 being n little nrn-row in  the field of iiietcwi’ology we tire c-onsidt~rliig. l’erhnps 

Dr. Tepper might have snid niore riliout thr resenrc*li snlc~llitrs. Aiiswiy ,  I ~vonltl just  like to nlentio~~ n few 
things. Your progrnni is  coiicernrcl iiiriiiily with looliing down t i l  tho tvirth, riiitl nwnsionnlly 111) for ratlintion 
from the sun. I n  the only sinq)lc cxlwrinienl we hrivc in tlie U.R.. ivr looli sidemnys, tint1 t.llcw lire O I I ~  or two 
things which trouble US. I wnnder if you hnve encwnterrd 111111) tlnrkeniilg. 

We are concenied with 1ini1) dnrltcning of the rndirit ion of the sun, pnrticwliirly in the ultrnriolet. 1 Iillow 
you have to hnve n very stnlile vrhic-le to inensure this sort of thing, iind I woiidcr whnt you hnve in mind. 

Meteorology is IL vastly expiinding subjccLt, itnil  1)twides 11eing innthelnn tidnns, grogrriphers, iind physicists, 
I cannot help feeling that we slionltl perlings be geiwlieniists n s  well. I few1 t h n t  wo slionld Iriiow n lot inore 
about the coinposition of the ntrnosphcrc, how ciniwions nre nl)sorlied, nnd the qunntities of niti*ous oxide, oxygen, 
and ozone in  the ntniosphei*r, to nnnie n few. 

Finally, I think thnt we should concern onrselves with t h r  origin, sny, of dust w1iic.h liris b c ~ n  repnrtrd 
nt  high levels. In fiict, I will go fnrthcr iind siurgest flint ineitsurrnients froni JI sntellite ought, to verify or 
refute Dr. Rowen’s suggestion nbout rninfnll rind nwtror showers. 

D. S. .JOHNSON : TVe hnve 1)mn following with grent intcrest thr T1.R.  cbxpcrinient for oxone detcrniinntion. 
Although I will not fipenli for c~vcyyone hei*e, I snslwt thnt this ~ n n y  linve son~ething to do with \vhy we hnve 
not engngeci in this piirticulnr iiivestipntioii. There ix pleat y to (lo otlicrwise rind we nre very delightfit thnt 
you people are  working on this. I think thnt nr. T~pper would like to discww sonic of the other esperinicnts in 
the geophycuical progrnni. I 1)elisva thnt you were sprcifii*nlly pninling your question to sonic of tlie trthcr nrens 
which I, tit. Icnst, like to think nre still Incteorology. 

TEPPER: The infoiinntion thnt we hnvc presented to you so fnr is  iwlric*tetl to nip1w)rnlngy nnd i s  dcliberntely 
narrow. A discussion of the en1 i re  ~coi) l iys~(~i i l  pogrnin thnt is being u I i d ~ ~ r t - ~ i I i ~ l i  in this roiintry tcwlny would 
tnlte a great den1 of lime. We linve II very rstcnsi\7e sprice w i r n w  progrrinl in  whirh gcwphyslcnl esItlorntion 
plays n innjor role. Thix progrtini indiidw not only sn t cUte  oliservn tions but rot*liet obsrrviitions its ivdl ,  nnd 
rontnim n g~niut of ohservntions in the vnrious flellds pan hnvc iiientioncd. nnd ninny inore. TT7r hnvc re.Qtricted 
our prescntntion eswcntinlly i o  the niclmrology of the lower ntnios~~lirr t~.  This is wlip we hnve excluded fmin 
our discussion the geophysicnl rtnlcllitcs nnil thr rodtctsonde progriini. 

FRITZ: Of course, we do know thnt ninny nicnsui*enicnts nrc Iwing ninde of the inrtmric. dust contmt, hoth 
of sizes and amoiinta, by vnrious sat~l l i tcx thnl nrc rilrydy. in orbit. The stritenieiit nr. Jnnics ninde i s  very 
comprehensive and includes ninny lhings whirh nic~tcomlogists hnvc wiintcd to  Iinow for 11 long t h e .  He nien- 
tioned tho composition of the iitiiinsphere. for esrinqilt? Wo lind II Incr thg in Wnshington nbont 3 yews ago, to 
which wo invited ninny infrrtrwl rndintion cbspcrts in th r  rouutry, Coody, I<n1)lnn, IIo\vnrd, nnd IClssnser, to 
name a few. All those ~)eopIc met lo d i s i w s  whnt cwuld be inensured hy infriirt~tl twhniqncs. The obvious thh1gR 
mentioned nt the  nicetirig 11 nd discwssrcl over t i  2-Aiiy period, w w r  writ.er vnpor, tonipern tiire, ozo~io in the 9.6- 
micron I)rtnd, c*iirbon dioxide, nnA, in geneml, nll the t hiiigs in the ai niosphera whidi  rridiiitc strongly in the 
infrnred. Then, we derided mhnt cwuld be (lone first. 

One of the things which is essriitinl, for exnnq)le. in n~nter-vi i l~ir  niensiireni(wts, if irifrnred tcc4iniques 
to be used, is  to Inrnsure the  trnipwnture first, I)cc*nusr \v i i l r r -vn~~)r  rinission d~qwnds both on i3on~1wsilio~1 and 
on tempernturo. As nn outgrowth of such iliswssionx, wr lira nc~tivcly cngiigctl in II progiwni to  Inensure the 
teinpernture of the ntniospherc. W e  now hnvc n “1~rnitll~c~iirtl” inotlcl spec-1 ronictcv whi(-h wns drsiglicul to nvxs- 
uro the emiwion of t ha iitnios~)hiw in t ho c*rirl)oii iliositlc hiindx i i i  w r y  1111 r i ~ i w  wiivclellgtli I*egions. Ihch of 
theso nnrrow wrivelength regions hns 11 sonwivhnt tliffcriwl nbsorpl ion cioefflcient so thnt we ( ~ 1 1 1  ‘‘1Wli’’ to 
diRerent dopths in tho ntniosphcre. I3y scwsiiig in nt I r n s l  four wrirclciigth regio~is, wr ~ 1 1 1  get 11 vertic.nl I)roflle 
of telnperntnro f lwl l  tho uppw stmtospherr to nbout 1 niillilinr. This will lie done rill over the \voi*ld every Any. 
Thus, wo will hnve eswlltirilly 11 sl riitospIIer1r iNothl~l’lil i n i i ] )  ill. (w11shlIlt prrssure. If thlt SllCc*cCY~s, nnd Wo hnvr 
every liom tlinf it will, wnler vnpor might then be Iiicrisuretl. If OIIC liIio\vS 1111. teirtpcrntnrc ~ u l d  chtx),ws the 
propor wavole~igl ha, olio Inight try to ni~~lsure wnter-viipoi- i1islril)iitiOll. 
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Ozone wa8 mentioned. As you know, the theory of ozone measurement by using solar ultraviolet light 
scattered back by the atmosphere, has been worked out by several people. Dr. Twomey, of the Weather Bureau, 
has recently published a thorough discussion of i t  in the Journal of Geophysical Research, July 1961. 1 think 
what is neecled now is work on the experimental side. 

The limitation here is that nobody is doing i t ;  nobody has come forward to try it. It could be done if we 
had the precision, and Dr. Twomey thinks that the neresxary instrumentation i8 essentially available. 

LANCLO, WMO: I hate to bring up the question of dollnrx. In many circwnstant.es when you plan for the 
future, this question is being asked. The sum of $3 million for 81 readout station was mentioned. My question 
is, would it be technically feasible to have other types of readout stations in several countries which could 
make a limited readout for specific data needed for operational pui-poses? 

TEPPER: We appreciate the fact that $3 million or so for 11 readout station is (111 expensive proposition and 80 
we have under serious consideration, iIt present, studies for systems that might lend thenise1ves to a readout 
station that would be simpler than the one that we have been using. 

D. S. JOHNSON: I would like to add that the $3 niillion is an order-of-magnitude figure. 

174 
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FIELD TRIPS 
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26. FTELD TRIP TO NASA GODDARD SPACE FLTGllT CENTER, 
GREENHELI’, MU., ANI) AN ACOS‘l‘l A, 11.C. 



t 
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FIGUI~E 20-5. Dr. William Nordberg explaining features of Nimbus model. 
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27. FJELD TRTP r r o  NASA WALLOPS SIITTON, VA. 
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FIGURE 27-2. I’articipants viewing (Iritn acquisition niit,cririii.  
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28. FTELD TRTP TO USWR METEOROLOGTCAL SATELLITE LAB- 
ORATORY AND NATlONAL MT1:TEOROLOGICAL CENTER, SUIT- 
LAND, MD. 

0 3 5 3 5 5  0 - 6 2  - 1 3  18s 



FKJURE 28-2. Particijinnts viewing oper:rtion of electronic c4urve jilotler it1 NIIIIICI-IC~I We:11 her I’recliction Section. 
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LABORATORY SESSION 
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29. EXERCTSES ON COORDTNATE ANALYSTS, PTCTURE RECll1'1CA- 
WON, INrll~RPR13'l'A'~TON 0 1 '  PIC'l'UR13 DATA, AN I) USE 0 1 7  

RADTATION DATA 



FIGURE 29-2. Dr. T. Fujita assisting participants in rectification exercise. 

FIGURE 29-3. Maj. J. B. Jones aiding participants in laboratory exercise. 
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FIGUI~E 20-4. Mr. C. 0. Ericltson nicling pnrl icbilmits diiring lriltomtory session. 
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30. INFORMAL PRESENTATIONS OF OBSERVATIONAL 
SUPPORT EFFORTS BY FOREIGN PARTICIPANTS 

A. VILLEVIELLE, France: I iim going to de- 
scribe ta yon as briefly ns possible the Freiicli 
plnce in tlie meteorological resettrcli progrtim. 
This meteorologiciil research progrttm is piwt 
of n much lnrger resenrcli program, thnt of tlie 
French Space Committee. This committee is 
directly under the oflice of tlie Prime Ministel.. 
Tlie implementtit ioii of this program is the 
responsibility of t~ newly crented agency ciilled 
the National Center of Space Studies. The 
CNES, as we call this orgnnizntion, is nither 
similnr to NASA, aiid it, coopenites directly 
with the Freiicli Nntioiinl Weather Burenu on 
t lmt part of the resenrcli progrnm which deals 
with meteorology. 

Altitude is the criterion used to deliiieiLte this 
meteorologicd reseiwcli progrnm. It WLS de- 
cided thnt tlie Nnt ional Wettthor Burenu would 
study the high titinosphere up to 100 ltiloineters. 
This is npproximntely tlie tri~iisitioiial zone be- 
tween the ntinospliere called tlie homosphere, 
wliose moleculnr composition is constant, and 
the atmosphere where tlie plienomenn of diff u- 
sion nnd photoclissocint ion become predominnat,. 

This altitude offers the advttiitage of being 
ensily renclied by severnl types of sounding 
i*ocltels, such tis t lie I3elier and the Ceiitaure, 
now being tested. The rocket, however, is not 
t,he only type of vehicle being considered since 
we plan n series of experiments with poly- 
ethylene balloons with u maximum ceiling of 
40 ltiloineters. These experiments, wliicli can 
be systemnticdly repeated becnuse of their low 
cost, ciiii be used for severnl resenidi projects, 
particularly with regnrd to albedo. 

We nre endenvoring to develop IL system using 
a pitrdiiito tlint, will slow doivn the irturii of 
tlie pitylorid once it is eject,ed ttt tlie highest 
point of the trnjoctory. Tests now underway 
sliould ennblo us to tichieve return speeds thnt 
will be noticeably lower in tho 70- to 40-kilo- 
meter zone, 

khpei*iiiientnt ion pi'oper wi l l  cover the fol- 

( 1 ) Me:isuivliieiit of t emperti1 UIY? tiiid 
1)ressui.e iii tlie liigli ritmospliere up to 1OO 
Ici1ometei.s. 

( 2 )  RIejisiireiiieiit of t lit1 cviicc.iitr:it ion 
of miiior cuinpoiient s sucli :is \v:~ter vnpor 
:\lid 1netli:inc. 

lowing i i i i i i i i  w e a s  : 

(3 )  hletisiuwneiit of wind velocity. 
(4) Nensiireniriit of tl ie rndint ioii hi l -  

JVit 11 ~rgrird to the first item, tlie iinportruice 
of siic.li ~iietis~ir(~~iie~its beccniies obvious wlieu 
oiio notes t l int  the results obtniiied in this field 
ofteii tlifl'er not icenbly. Tlie vnrint ioii in spixce 
n r i d  t ime of t lie pressure : i i d  tempernture 
barometers gtigc's is fiiiidiimeiit $11 iii soiiie otlior 
scientific reseni*c~li nctivities. 'l'litit is why we 
Iirive uiit1ert:ikt~ii tlie study of iiew iiistI-u~nents 
to metisure presstiin cind tt~mpeniture wliose 
chiti-nct erist ics w e  suittible to rocket flight. 

Iiisofnr 11s the second iteni, ~iieiisureiiie~it of 
the coiiceiitrnt ion of iriiiior components sucli as 
nietliiuie niid w t e r  vtipor, is coiiceimed, nbsorp- 
t ioii iiietliotls in tlio infrnred rniige will be used. 
The purpose of wicli meiisiireiiieiits is to acquire 
iiiforiiiiii ioii o i i  t lie vert i t x l  ex(~1itiiige mot ions iii 
the high ~itinospliere tint1 ou tlie diffusion of 
liydrogeii t o \ v t i i d  tlie exospliero. Witli rcyect 
to wtiler v:i1)or, IL spe(*iiil i*esenrc*li 1)rogrniii is 
plniiiied to sl udy mot her-of-pearl clouds niicl 
t~\~eiitnully to  c.~*e:ito tlieiii :irtificinlly. With IY- 

gtird to the third item, t lie ~ ~ ' I I S I I I P I ~ ~ ~ I ~ ~  of wind 
velocity, this comes withiii 1111 iut eriint ioncil pro- 
grtiiii wliose pii~'pose is to  p i n  lwtter knowl- 
edge of geiiernl tiirflow ill tlie titinosphere. 
I'nrt icnlnr eiiiplinsis will bo plncwl 011 jctst i ~ i i i i i  

loctitioii below t lie iwrm st ixtopnuse lnyer iiiitl 
below the miiiiiiium teiiilmrtiture of t lie 
inesopnuse. 

With regiwd to the fourth item, t.lic inc~~sure- 
limit, of mdiittioii, this objective is ideiiticnl to 

nli('e of the titmospllere. 
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the purpose behind TIROS, but we look more 
particularly for the radiation balance measured 
on the basis of its components in the two wide 
bands ranging from 0.2 micron to 4 microns, as 
well as from 4 to 30 microns, corresponding, 
respectively, to the diff'used reflection and the 
thermal emission of the earth. Albedo meas- 
urements will be particularly considered in rela- 
tion to the various measurements of surface 
condition, position of the sun, and airmass 
characteristics, including the clouds. 

This is the current meteorological research 
program using rockets. We are also conduct- 
ing studies of instruments to be placed in a 
satellite to be launched in the coming years. 
These studies deal particularly with the acqui- 
sition of data on the satellite attitude and 
telemetry means and, therefore, go beyond the 
framework of meteorology. 

With regard to the present, the Main Weather 
Forecasting Bureau of Paris does receive 
American nephanalyses and daily reads them 
out and plots them. Upon receiving the TIROS 
alert messages, the teletype message is sent to 
our stations in order to set supporting observa- 
tion programs. These data are recorded and 
printed and a copy is available for the U.S. 
Weather Bureau. 

A more systematic study of these will be con- 
ducted by the Bureau of Space Research when 
it obtains the radiometric data from TIROS. A t  
that time we will try to check the photographic 
and radiometric data against the surface and 
altitude observations of the weather station 
systems, as well as against special observations 
conducted by military aerial reconnaissance 
planes. 

JAMES M. MCMONAGLE, Ireland : When we were 
asked to cooperate in this TIROS project, the, 
chief thing that we thought we would do would 
be something in the line of cloud observations. 
We had two methods of approach. One wbs to 
use the sypnoptic station network that we have, 
and the other was to supplement that  by photo- 
graphs from some high-flying jets, of the Na- 
tional Airline, Air Lingus, and also with some 
Army trainers. Air Lingus agreed very kindly 
to take meteorological personnel on any of their 
regular scheduled flights from Shannon to  New 
York if the TIROS pass coincided with the time 
of flight; these people can photograph the 
clouds from above, between about 30,000 and 

35,000 feet, and obtain inforrnation that way. 
The Air Corps people took photographs when 
we notified them of the approximate time of 
the pass. 

The TIROF) alerts that were issued came in 
fairly regularly, the time given being the mean 
time of the picture sequence, and the track given 
was taken as the suborbital path. We sent an 
alert message to all the synoptic stations that, 
we have to make a special cloud observation a t  
the time specified in the message. The special 
observation was to show more than the ordi- 
nary synoptic report; it was to show the type 
of cloud and, more particularly, the direction 
from which it was invading the sky. They 
measured the azimuth from the direction of the 
approach to the t q  of the cloud sheet, and soon. 

We made a pictorial diagram and a circle to 
represent the horizon circle and sent those in 
every other day to the central office in Ireland. 
When we got all these reports in, we tried to 
draw up a cloud padtern of the cloud type over 
the country. A big drawback on that is that 
i t  was a view of the clouds as seen from below, 
whereas the Tirios pictures were from above. 
There may have been some differences in t h t ,  
field. Another factor is that during most of the 
times of the TIROS paws over Ireland, on a good 
number of occasions n t  any rate, there was a 
fairly moist southwesterly flow that covered 
Ireland and there was almost t~ solid sheet of 
low stratus and stratocumulus. There wns not 
much upper cloud visible. By and large the 
observations that we mnde were as we expected 
the clouds to be. When we received the neph- 
analysw, they compared very favorably with 
what TII~OS was reporting for the clouds, that, is, 
wet, cumuliform or stratiform. 

On one or two occasions t,here were cold fronts 
moving across the country hetween two passes 
of TIROS. The edges were fairly well marked. 
These were fast-moving fronts, and the TIROR 
report, did follow through the frontal passage. 
On another occasion there was an area of cumu- 
lonimbus activity moving in, particularly in 
the Dublin area. The first TIROR pws reported 
clear, and the second pws reported convective 
cellular. From these pictorial analyses we could 
trace the cumulonimbus moving in. There were 
actually three passes on that, spaced by about, 
3y2 to 4 hours, 100 minutes each pass. The 
whole procedure depended on getting the TIROS 
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alert message on time and getting i t  circulated. 
Generally, the alert message gave the pass for 
the following day. We usually liad it 24 hours 
ahead, and on some occasions up to  48 houis in 
advance. 

The pictures that the Air Corps took were in 
fairly good agreement as well. They showed 
more or less stratiform clouds, and cumulus on 
some other occasions. 

This was the general program carried on 
from about mid-August to about mid-Septem- 
ber. There were, all together, about) 48 or more 
passes covered. 

VAN DER HAM, Netherlands: I should like to 
nsk if Irelnnd used a special code for their spe- 
cial observations. A few times we saw on the 
network special Tiros observations from Ireland 
in a code we did not understand. 

MCMONACLE: We did have ti special code, but 
it was for i n t e n d  use only, and it inadvertently 
went out on the circuit several times. It was a 
four-figure code to give the total niiiount, of the 
particular layer of cloud, as far  as we could esti- 
mate, instead of cumulative amounts as in the 
synopsis, and to give the direction from which 
the cloud was moving tind the angle between 
the horizon mid the upper edge of the cloud 
sheet; it started off wit,h an indicator. It mas 
a simple code. The pictorial message was the 
main part. The pictorial message was to  am- 
plify the code. The code came in immediately 
after the observation mas made. The picture 
did not come in until 48 or 72 hours Inter. 

C. J.  VAN DER HAM, Netherlands: I think, in 
general, our progrnm was about the snme as thnt 
reported by Mr. McMonagle. I n  the fiist, place, 
we also made special synoptic cloud observa- 
tions and, therefore, we used tlie model for the 
journal of clouds that is found in the Inter- 
iiational Cloud Atlas of WMO where thero is 
also a column for making a picture of the clouds 
that you see in the sky and nlso the direction 
in which you see them. We did this a t  15 stn- 
tions in the Netherlands. Furthermore, we took 
all-sky camera photographs. It htippened that 
in one of our universities they hnve developed 
a special all-sky camera. It is a camem with 
some 10 or 15 lens built up together so that an 
angle of about, 210' all around is possible. I t  
was quite enough to take all-sky phot~graphs. 

As in Ireland, we had photographs takeii 
from about 30,000 feet by the Air Force, all a t  

the time when TIROS made its dbservations. We 
liad special radar observations at  our airport, 
Schiphol. There, a sketch was made of radnr 
targets that were visible at the times when 
TIROS ctime across. 

I shall comment briefly tibout our experience 
with nephannlysis. Charts were prepared 
which showed the difference between iiephnnnl- 
ysis and synoptic observations. For  instance, 
there was a case over the Dritisli Isles when 
nephnnalysis gave overcast, and in synoptic ob- 
servations there was no one station reporting 
overcast, most giving five-eighths to seven- 
eighths of cloud cover. I think it may be pos- 
sible that it is difficult, to differentikite between 
broken clouds and overcnst, in some CRSW 

nnyway. 
There wns also a case where, near the Nether- 

lands, there wns n big sheet, of clouds, I think 
it was stmitociimulus, just n hundred miles off 
the const. I n  nephanalysis i t  renched to about 
50 miles in length. Thus, these kinds of dif- 
ferences may litippeii. I know that, i t  is not 
possible to get an accurncy of more than, per- 
haps, 1' or 2' of latitude and that may be the 
reason why we saw this difference. There are 
a few more cases. 

A. W. JOHNSON: This problem of geographical 
rectification is one which we now known about. 
since we have had this Workshop; 1' or 2" is 
expected much of the time. On the facsimile 
transmissions of the nephanalyses, you recall 
that we do indicate n degree of confidence in 
the geopnphic rectification. I n  the teletype 
code we are going to  have to include something 
like that in tlie next version. 

MCMONACLE: It is also possible to code the 
nephanalysis in 1' squares. I n  the picture of 
the particular cloud mentioned, it might have, 
say, come down to 50" north, butj it would have 
been coded u p  to cover Inter, and that would 
account for 30 or more miles. I n  other words, 
the coded version which we got could not give 
such fine detail. 

A. W. JOHNSON: There tire these built-in h i -  
tritions in the code which we tire trying to im- 
prove on ti11 the time. We may not always have 
Schiphol Airport defined quite exactly. 

D. S. JOHNSON: Were you nMe in the Nether- 
lands to receive facsimile transmissions of the 
nephanalyses ? 
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VAN DER HAM: Yes; we did receive tlieni, but 
not on n regular basis. I think the teleprints 
of tlie neph:inalyses were more regular. We 
coiild rely on getting them every eveniiig :ind 
even during tlie day. lZut f:icsimile was not 
so regular, perhaps also because we have to 
receive many other charts on f:icsimile. So we 
cannot st:ind by all day to receive nep1inn:ilyses. 

A. W. JOHNSON': We have had some s:imples 
sent to us from the IJnited Kingdom of fric- 
simile nep1i:un:ilyses received on tlie other side 
of the Atltintic. The quality is erratic., at best. 

JOHN F. GABITES, New %e:iI:ind: I expect tlie 
New Zealand experience i n  arr:inging special 
synoptic observations Iias been very similar to 
that of other people, so there is no need to repent 
that in detail. 

We also arranged to have our synoptic sta- 
tions record greater detail of the nntnre of 
clouds, ivhether continuous or broken, their 10- 
cation, and where the edges were located. 

It is helpful to have a photographic record of 
the sky conditions. I might perhaps draw at- 
tention to the possibility for an all-sky camera 
that may interest other people :is well. You do 
not always have a good all-sky camera avail- 
able. This is one that we improvised quickly 
with an ordinary camera just for the sake of 
getting a photographic record. There is a sim- 
ple mount,ing, in sections, with four dowels, 
with a wooden block at  the top with a hole cut, 
through it, a simple device to held the camera 
so that it looked downward, nnd a spherical 
reflector, which is the hubcap of a motorcar. 
I assure you that the hubcap of LL Morris Minor 
works very effectively as a. mirror. It is just 
a matter experimenting. If you htive n movie 
camera, so much the better. It is a simple mat- 
ter to have this camera mounted, to use the self- 
timer, pull the trigger, and drop down below 
the viewe of the camera. 

Over the last 20 years or so there has been a 
shifting of attention in the information re- 
ported synoptically. With the influence of avi- 
ation, we have increased the length of our code 
from time to time. We send more figures, but 
we have tended to degrade the information. I 
think that with the attention that we now have 
on cloud syst,ems again, that the time would be 
opportune to revise the cloud reporting systems 
in some regard. 

over the worltl there w e  observers looking 
:it the sky. They c:in see some highly signific:ini 
things. They c:in see wlierc~ the clout1 is organ- 
ized, or wl~ere i t  is clisoi.p:inized. Tliey C:LII see 
wliere t lie orgtinizecl systcnis I ic. i n  IdrLt,ion to 
tlie sfat ion or i n  re1:ttion to n~ount:iins nnd other 
geoprnpliicnl frat urw. IZut, i n  genrwl, around 
the worltl t h:it infoimit ion is not repoi.ted. We 
h v e  reports of' tllrer-eipllt lis of c+loutls of a p i r -  
titular sort, or seven-eiglitlis, but in most re- 
gions there is no indictit ion ~vllere t 1i:it cloud 
lies, wliether it is org:uiizetl, o r  wlir1-e the g:ip 
lies. 

During World War I 1  the New %ed:~nd sta-  
tions used :in ndditionnl snpp1rmrnf:iry group 
wliic*h gtive some of t11at inforn~:ition. I n  the 
revision of the codes OS 1049 TVO sornelio~v 
clropprd this 1oc:il group, but we hnv0 been 
feeling the need for something of the sort, again 
and, of late, 1i:ive been experimenting witliin 
New Zealand with a bet tcr su~)l)leirieiil:ii~y group 
than we 11acl before, one n.liicli gives more in-  
forni:rtion. 7'110 soit of tliing it indicaies is 
whether 1110 low clout1 is sc:itteretl over the 
whole sky or wlletlier it is :in orgrmizecl sheet or 
system. I f  it is orgmizetl, the :izimuths IF- 
tween wliic~h i t  lies relative to the statlion are 
indic:ited and, in  a very siniple fashion, the 
elevation of the top. Similarly, i t  indictitrs 
\vhether the mitldle- iind high-cloud systems are 
orgmizcd, whether they h w e  well-defined 
edges, and so on. At the time I left home we 
still had a few modifications in mind for our 
experimental code. We 1i:ivo not broughtj it, 
in general, to our st:Ltions h i t  I expect we will 
in 1962. Perliaps by tlle time of the Commit tre 
on Synoptic Meteorology meeting we will have 
some more extensive experience to report,. 

I mention this becwse I believe ninny other 
people will h:ave tliought s OS some similar way 
of defining what the sky looks like. I think it 
woiild be very helpful opeixt ionally i n  mriny 
services wlirre forerwt em :ire f:icod with rather 
detailed forecasting in  :~nd  around 1 erminals if  
they could know whether the cloud reported is 
over the sea or over the land, wlietlier it is over 
the mountains or over the v:dlays, ant1 whether 
it, is organized. I think perhaps with.tlio inter- 
est, aroused by Ti~ios that, we might be able to 
inaugurate some improvements in the metliod 
of reporting. 
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An interest of mine for a long time litis been 
the heat budget, nnd I Iit~ve becii concerned with 
estimates of tlie longwnve rriditCt ion lossus froin 
tlie nt mospliere, which is gencrdly cloudy in 
some regard. It his been very clifliciilt to mnlre 

The bnses 
of clouds are reported tall over tlie \vorld; tlint 
is, the bnses of the low clonds. Hut in tlia ordi- 
ntary synoptic code there is 110 direct indica1 ion 
of the iimouiits of t lie middle- or Iiigli-cloud 
systems. You (*an rnalte some deduct ions, per- 
haps, from the tot til :mount of cloiids, h i t  yoit 
have no relii~ble informnt ion. On tlie other 
hand, the letter code reports :iniounts and 
lieiglits of tlie b:ises of various individud Inyers. 
13ut wlietlicr !I Inyer is reported depends en- 
tirely on wliiit is undernclith it. 

Tho system of deciding wliicli of tlie eight 
groups are to be reported is ratlier disconcerting, 
both to the forecnster and also to tlie resetarcli 
man. It is frustrnt ing to linvc the record from 
n station showing :I slieet of middle cloiitl pel*- 
haps lasting for some hours, then distippe:wing 
for perhnps 2 or 3 hoiirs, iind then renppe:iring 
in tlie code merely beciause there liiid been sonic 
other cloud underncntli wliicli took precetlenco 
in being reported. We ciin only guess tlint tlie 
middle cloud slieot wtis there the wliole t iiiie, but 
the letter code is quite ~nislending in that reg:ir(l. 

We in New Zenlnnd have been contemplnting 
inaugurating n locnl instrwtion tlint nll layers 
of clouds will be reported. This will iiicliide 
ta few more groiips t l i i u ~  the minimiim laid down 
in the existing code. It, is not going to increase 
oiir communicnt ions trnflic very much, but it is 
going to reinovo IC gl’ent, uncertnint y fiwm tlia 
minds of both tlie forecnster iiiid t l i ~  resc:icIi 
ninn using tlie record of the obsorvntions. 

Miiny services, perliaps, 1i:~ve formed n record 
of rcportiiiw thitt does not siifi’er f m i i  these de- 
fect s. I think, though, in most regions people 
nre linndiciipped by tlic defect in tlie p*ese11t 
code. I am hopeful thnt with tlic new interest, 
in  clouds there will be some iinprovement 
detected. 

C. J. BOYDEN, TJnited Kingdom: We hnve in  
the United Ringdoin n high-nltitude resenrcli 
branch which wns formed n lit t,le under 2 yenrs 
ago and which is concerned solely wit 11 this kind 
of problem. I cnnnot, give you detsils, h i s -  
much ns I am coilcarnod primarily with the 
synoptic side, of what they nre doing, but their 

:any sort of :L ccns11s of the clouds. 

h 

main project is the iiiei~siiremeiit, of ozone ; 1 
undcrst:tiid tlint the Scont sntellitc is expected 
to be 1:iiinclied nest spring. blucli of the work 
for  t1i:it is being tlono :it (;odd;irti. Scout II 
will  be lriuiiclied i n  I!)(;:{ if 1111 goes \ w l l .  ‘I’lie 
niaiii purpose of tliese s:ttellites is omne investi- 
gntioii; in fact, I thinlc the sole object from tlie 
the TJnited Kingdom point of v i c v  is the prob- 
lem of ozone. 

Ihfore this TVorlrsliop I tliinlt we :ill 1i:d 
fiiirly cleni. idens :IS to tlie potentiiils of TIROS, 
or :iny later sntellites. ‘l’1it.i nsefnlness in re- 
se:ii.cli is evident. Our views oii tliiit linve lweii 
i*c?infoircd diii*iiig this 7Vorksliop. 

In 1 he tropics, in t lie Soiit lieim I-Teinisplic~~e, 
wnci in 1)lnces wliero there :ire few observwt ions, 
1 iitos is : i n  inimensely powerful tool. My per- 
soii:il view is t l i i ~ t  iii tempernto lnt it iides, sny, 
tlio 1hrope:iii tilid tlie Aniericnn sector, ‘I’IROS 
iiifoi*mwtioli is sonietliiiiji JVP tire very pl:~d to re- 
wive, biit only oii i-:ire occwsions does the infor- 
nintion l is issued now concei*ning t he clond 
pivt iires help 11s to modify our annlysis niid 
tlieii usn:ally to some niinor extent. This is no 
ciriticisni of Tisos. It is n statemrnt, in other 
words, of tlie linppy position we w e  i n  of litiv- 
iiig 11 l:i~*ge nii1n1)rr of o1)servnt ions wliicli give 
11s IL hii-ly com~)lcte iind iicciir:ita tliree-dinirn- 
sioniil picture, iind only rni*ely cnii Tntos iin- 
1)ro”e 011 thnt. 

My reason for saying this is irially iwlnted 
to the problem of coniniiiiiicntioiis. MTe in the 
TTni  tcd IGngtlom rewive iind dwnys linve re- 
ceived TIRW by fncsimile. The reception is 
qnit o tideqiint n on iliast, occwions. Fiicsiinile 
is not, so i*eliiible :is w l i o  teleprinter. But, on 
most, dnys, we (’tin iiit erpret tlia pict iii*e with 
little difliculty, rrlthoiigli, jnst n minor point, 
the ~iinjor bouiidnry show11 by t l ie  wivy line 
is npt, to confnsn t l i c  picture. A plnin thick 
line iniglit lw cnsirr to intoqmt.  A collection 

(mi bo ixt her confiising if t ransmission condi- 
t ions :we b:id. I3ut,  \)ro~idly spedtiiig, we :ire 
snt isfied with tho reception of oiir picture. 

Mnny count r i p s  fire dependent on t lie tele- 
printer for tlie cotled version of the nephnnnly- 
sis. I l i i~vo seen somo cwwspondenco recwitly 
1)ot IIWW Region 4 nnd Region 6 which sliows 
tlint, iiiiiiiy people tirn perturbed itt t he qiinntity 
of informnt ion to be srnt. It lirw been sug- 
gested tlin t TIXOS niessiages, the coded messages, 

‘ 7  

of “R’s,” cnl~illllls synlbols, qilllres, nnd so on 
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should be given priority over other material. 
Personally, I would oppose that strongly on 
the grounds that I have stated. As far as we 
are concerned, in our region, we would not wish 
to give a coded T ~ a o s  message or any Tmos 
message priority over the existing material. I 
think the solution ought to be that the normal 
method of transmitting nephanalyses should be 
by facsimile. I do not wholly understand the 
difficulty. I believe with many services the 
problem is a financial one. They do not have 
facsimile and they will not get the money for it. 

Would this Workshop not be an opportunity, 
particularly for the tropical services, to give 
support t.0 requests for money for facsimile 
equipment, and should we not regard facsimile 
as the normal method of transmission of these 
messages, to be supplemented by the teleprinted 
message on only rare occasions when something 
of very great importance had to be transmitted 
or when conditions were known to be bad? 

The difficulty of reception in the Netherlands 
has been mentioned. I do not know how real 
that is, but I do recall that when I was in 
Holland 3 or 4 years ago there was difficulty 
in receiving Dunstable, even. So, I suspect the 
trouble might be a local one. We in Dunstable 
get Washington regularly, a continuous pro- 
gram from Washington. We get Tokyo when 
we want it. We can receive from all stations 
and I suspect that facsimile is an underrated 
method of transmitting material. 

There is just one minor point, in conclusion. 
I f  we must have these coded messages for the 
time being as a backup, if for nQ other purpose, 
to the radio pictures, I wonder if there would be 
acceptance of the suggestion that instead of 
working on a 1" square in the coding, we should 
go the other way and use a 2 O  square. Person- 
ally, I do not believe that the very high degree 
of accuracy can be needed. There is, on the 
initial nephanalyses, a certain tolerance. We 
are usually told that i t  is + - 2 O  initially. Some 
of us suspect i t  is occasionally a little more than 
that when i t  is given as 1" or  2". The informa- 
tion reaches the user something like 9 or even 
11 hours after the photograph is taken, so that 
the clouds he is looking at  have moved on by 
about 3 O  or 4' of latitude anyway. And if one 
could work in 2" squares it would reduce the 
number of letters to one-quarter of what they 

. 

are at present and the whole message would be 
about 30 percent, sny, of its present length. 

A. W. JOHNSON: Mr. Boyden referred to the 
suggestion that satellite nephnnalyses receive 
priority on international communications. We 
have approached the chairman of the Commit- 
tee on Synoptic Meteorology working group on 
telecommunications to solicit his advice as to 
what might be done, and we have suggested 
that some kind of priority treatment be given to 
the TIROS messages if the international com- 
munity desires that this be done. 

We feel very deeply that we are going to a 
great den1 of trouble to get this information 
and that our means of disseminating it are in- 
adequate. We hope that, fttcsimile will be de- 
veloped to a much grenter extent than is now 
the case on an international basis and certainly 
in our thinking it is thia type of communication 
that we hope will be the basic type, to be sup- 
plemented by the coded message. Much of the 
world is not quite so far advnnced as some of 
the North Atlantic count,ries, and facsimile does 
not exist in many of these places ; consequently, 
we still have to go by the more cumbersome 
means of coded message. 

I am interested in this 2" suggestion. We 
are going to have a meeting early in December 
of those of our people most concerned with this 
kind of activity, and this will be on0 of the 
suggestions that we will try to evaluate more 
exactly. 

MCCULLOCH, Canada: It seemed to me that if 
the code were 2 O  then the tolerance would be 
"4, which might get a little thin a t  times. 
The usefulness would be reduced, I feel, quite 
drastically. 

GABITES: I would like to oppose any sugges- 
tion of introducing a coarser method of indi- 
cating a cloud pattern. I feel that it is not a 
question of accuracy in positioning to which 
we should pay 90 much attention. We know 
that there will be errors. I feel that if we went 
to, say, 2' squares then the whole pattern would 
be so degraded as to become virtually useless. 

I think there is great virtue in keeping a9 
much detail in the pattern as is reasonable for 
operational purposes and accept the fact that 
the positioning might be a little in error. The 
recipient often has means of adjusting the posi- 



tion. Tlie important thing, I think, is the pat- 
tarn which is made. 

VAN DER HAM: I would agree with Dr. Ga- 
bites about those 2" squares. What would be 
tlie accuracy of 2" squares compared with 1" 
squares? 

A. W. JOHNSON: It would be reduced to one- 
third of current accuracy. We certainly will 
consider this. 

RAIIMATULLAH, Pitkistnn : I n  most of tlie 
txopical countries it would be r t h e r  late to in- 
troduce facsimile transmission and t,o receive 
Tmos pictures on facsimile. We will have to 
depend more or less on some coded analysis. 
For that purpose the shorter tlie code is, the 
more practical it is. At present, the nephanal- 
ysis code is so lengthy tlint it is rather impossi- 
ble to accommodate it in tlie trnnsmission 
schedulbs and that is one of tlie reasons why 
we have not been able to receive and use it 
routinely. 

As regards the code, I have gone through it 
rather hurriedly. I feel that it can be short- 
ened considerably by some sort of a contrivance. 
Instead of having AAA, we can write "A-10" 
after that. I n  this way somehow we can 
shorten this code. Whatever can be done to 
shorten tlie code certainly will be very useful 
for areas where the TIROS pictures are of great 
value. 

I n  most of the desert areas of the Middle 
East and the ocenn areas, there is not much 
observation. Sometimes, tlie telecommunica- 
tion is very poor and we do not get data for 
10 hours or so. Sometimes, between Karachi 
and Beirut there will hardly be any observa- 
tions for some time due to a telecommunications 
breakdown or something of that type. I n  that 
case Tmos will be of very great help and any 
shortening of the coded message would eer- 
tainly be very useful. 

BOYDEN: I would like to make one or two 
small points on the comments. I n  tlie first 
place, if you have 2" tolerance, and then another 
2" from the code, it is not quite 4", it is a little 
under 3". I am not a statistician but I think 
a little under 3" would be tlie ukimate tolerance. 

MCCULLOCH : Under  these conditions? 
Couldn't it be as great as 4" 8 

BOYDEN: It could be ns great as 4". It really 
would need to be tested. After all, one is con- 
cerned with tlie orientation of the line. You 

have a number of points determining that line, 
nnd the conti'nuity would help to  some extent. 
I n  other words, instead of having a small scat- 
tering of points you mould have a larger 
scattering of points, but you might, be able to 
define your line fairly well. 

MCCULLOCH: We in Cnnadn are not, nearly so 
fortunate as those in the IJnited ICingdom ns 
far  as the synoptic network is concerned. At 
tlie present time the TIROA photographs are not 
of too much vdue  to us in our broad Arctic 
regions. 

We feel that we hnve to take the forwnrd 
view here. I f  we tnke the bncltmtird view, we 
could spend many tliousnnds of dollars complet- 
ing n comprehensive synoptic network of stand- 
nrd observations ncross the Arctic. The prob- 
lems, of course, are quite formidable. 

nut ,  looking ahead, we have a new tool. The 
money involved will be much less. The results 
I feel could be just ns worth while, if not more 
so. And I think perhaps our sitnntion is simi- 
lar to that of more countries thnii is that of 
tlie TJiiited ICingdom. Tlie older methods of 
observation, while they have been ndequate, nre 
probably not going to be adequate in tlie future. 

VAN DER HAM : I remember, Mr. Johnson, that 
in your pnper you discussed supporting obser- 
vations in the United States; you said, I believe, 
thnt you had cnrds or a code on which you re- 
coded these evnluations. Could you tell us 
imytliing nbout that P 

A. W. JOHNSON: I think you nre referring to 
tlie cloud sheet that is filled out a t  the local 
station level. This is similar to that used in 
many countries. It is simply n horizon circle, 
and the observer sketches on thnt, very roughly, 
the amount of clouds mid, if possible, the type. 
There is n stniidnrd instruction that lins gone 
out. These cards nre then mailed to the 
Weather Bureau. I t  is not an immediate com- 
inuiiicntion at  all. It is n simple series of circles 
and the card is filled out in response to nn nlert, 
messnge which is comparnble to the klert ines- 
snge which is received in other countries. 

CARACCIOLO, Brazil: I wonder if in your fu- 
ture plans on transmitting TIROS pictures you 
could investignte tlie iiienns of transmission 
also. We have been unable to receive any pic- 
ture by facsimile in Brazil, niid I iinderstniid 
thnt Argentina lins tlie snnie problem. Evai 
by teletype, i t  has been very difficult. We in- 
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stall all types of antennas and all types of re- 
ceiving equipment. Right now we are getting 
a little better transmission from Miami, but 
none in facsimile. We have facsimile, but we 
do not receive any transmisisons from the 
‘CJnited States or even from Europe. 

A. W. JOHNSON: There is at  this time no fac- 
simile broadcast from Miami. There are two 
radio teletype broadcasts. About all that can 
be said is that in the U.S. budgetary cycle there 
is a request for funds to establish a broadcast 
from Miami which it is hoped will serve South 
America much more adequately than is now 
the case. 

The coded messages h v e  also failed to reach 
Iirgentina and Hrazil much of the time. It has 
been agreed to send messages by commercial 
telegram when they are of particular signifi- 
cance. It has : b o  been agreed to send the neph- 
analyses on a more or less routine basis to Rio 
de Janeiro for rebroadcast on Amersud. The 
effectiveness of this procedure is not yet known. 

JALU, France: I n  Paris, also, the meteorolog- 
ical services have l i d  dificulties with the recep- 
tion of facsimile. We have no explanation for 
it. For  that reason they would like to know 
the immediate program of nephanalysis t,rans- 
mission from the U.S. Weather Bureau. Dur- 
ing the August to September 1961 observ a t’  1011 

period, I understand that Paris received tho 
information on about eight orbits a b y ,  and 
then it went down consiclerably. It would 1)o 
useful to the French delegatlion to  have an idea 
of the forthcoming workload to know how many 
nephanalyses will be transmitted. 

A. W. JOHNSON: TIROS I11 is not performing 
as well now as i t  did at  the beginning. There 
has been a rather serious degradation in tlie 
quality of the photographs and i t  was decided 
to discontinue the routine distribution of the 
nephanalyses from TIROS 111. There are only 
special cases which receive distribution now. 

The readout stations are still reading the in- 
formation and they are still preparing neph- 

analyses to the extent that they are capable of 
doing so. The areas covered had to be limited 
;ind the analyses over land areas had to be dis- 
continued. Only overwater annlyses are being 
transmitted, and these will be in very limited 
numbers. 

I n  terms of your workload, as soon as tlie 
fourth TIROS is launched, provided it is func- 
tioning as expected, some time early in 1062 
you can expect to receive tts rntiiiy iiepliannlyses 
as we can produce. These will be transmitted 
as they have been in the past, on the Wasliingtoii 
facsimile transmissions. Unfort unately, there 
in some difficulty in getting any routine han- 
dling of them on those particular transmissions 
and they have to be inserted in the schedule on 
a more or less time-available basis. We have the 
saino problem on tlie radio teletype circuits, but 
it is expected that they will st:wt coming to 
you early in 1962. 

VAN DER HAM : I-IiLve you in the TJnited States 
m y  more suggest ions, or queslions perhaps, 
:ibout, our supporting observiLtions? 

A. W. JOHNSON: I do not think so. I h:tve 
found this discussion this morning very en- 
couraging. In the remarks th:it, were made at 
the beginning of this Workshop, we tried to 
emphasize that the supporting observations are 
RS much for your benefit, or mom, tliaii they are 
for our benefit. Obviously, we want to be in- 
formed of tlie program that, you are implement - 
ing :ind the research that, you do. And we want, 
to assist, in that research in any way tliat, we 
can by providing si~tellite informttion that, will 
be useful in connection with your own observa- 
tions. The supporting o1)serv:it ions have been 
:~ll  the way from rocketry, r:Ldionietersondes, 
:ind acrid p11otogr:~pliy down to the simple 
cloud sheets. Any or a11 of these obsurvntions 
t h t  c:in be m:ido or m y  new or difierent obser- 
vation which will support TIROB will be wel- 
comed. 
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31. STATEMENT OF KAARE LANGLO 

Chief, Technical Division, World Meteorological Organization 

Due to other commitments, I have unfortu- 
nately not been able to be with you tlie last few 
days, and since I am leaving for Europe tomor- 
row, I am glad to have this opportunity to spenk 
to you on a matter about, which I believe every 
participant from wlintever count,ry or organi- 
zation feels in tlie same wity as I do. I am not 
only speaking on behalf of tlie World Meteoro- 
logical Organization and of tlie International 
Civil Aviation Organization, but I am also 
speaking on behalf of every meteorologist mho 
wishes to see the science of meteorology given 
its proper place and recognition among tlie 
sciences and who does not, wish t,o see the de- 
velopment of meteorology unduly hampered by 
its long traditions. During tlie past days we 
have been listening to well-prepared, well-pre- 
sented, and very interesting Iect,ures. We have 
been instructed in tlie practicnl use of satellite 
data; we have been taken by planes and buses 
to visit important installntions concerned with 
meteorological satellites and rockets. We are 
all very impressed with what we have seen and 
heard and we all wish to express our warm 
gratitude to everyone who has been connected 
with these arrangements. But we also wish to 

sny more. We have had the opportunity of par- 
ticipating in free discussions of tlie problems 
involved in using satellite dtxta; we have per- 
hnps given tlie impression tlint we misli more to 
be done or we winted other esperiments to be 
carried out. I should like to mnlze it very clear 
that such coiiiments sliould not in any way 
overshndow our main sentiment : our wnrm 
gratitude nnd npprecintion to tlie United States, 
to the NASA, nnd tlie Weather Bureau for tlie 
tremendous efforts thnt have nlready been made 
to ndvnnce meteorologicnl science for the bene- 
fit, of all countries. As you know, tlie activities 
of the World Meteorological Organization are 
to a large extent dependent on tlie efforts made 
by its Member States, mid i t  is indeed n pleasure 
for me to express once again our sincere thanks 
to tlie United States for wlint is has done in 
tlie field of sntellite meteorology, not only meas- 
ured in dolliLi9 mid personnel, but in initiative 
and enthusiasm wliicli cannot fail to bring our 
science forward. I mould be grateful if tlie 
representatives of our host country present liere 
would convey these notes of thanks to all con- 
cerned with tho orgiinizntion of this highly 
successful Workshop on satellite meteorology. 
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APPENDIX A 

BASIC INFORMATION ON TIROS SATELLITES 

The TIROS Satellites 

TIROS I I - - -  ----- 

Introduction 
TIROS is the short name for Televisioii and 

InfraRed Observation Satellite. TIROS I, 
launched April 1, 1960, by the National Aero- 
nautics and Space Administration (NASA), 
carried television cameras only. ~ R O S  I1 
(launched November 23, 1960) mid I11 
(launched July 12, 1961) also carried equip- 
ment to sense solar nnd terrestrial radiation. 

The primary instrumentation of TIROS I11 
consists of two television cameras, both basically 
the same as the wide-angle cameras used in 
TIROS I aiid 11, and scanning and nonscanning 
radiation detectors. The satellite instrumenta- 
tion also includes tape recorders, transmitters, 
telemetry, and associated electronics for both the 
television camera and radiation systems, radio 
beacons, and a power supply of storage batteries 
and solar cells. There are auxiliary devices to 
control satellite attitude, wobble, and spin rate, 
and various switching, timing, and sequencing 
circuits to control the instrumentation. (See 
the section entitled “Other Equipment.”) 
Miniaturization and weight-saving techniques 
compatible with maximum reliability and per- 
formance are used. 

TIROS I1 

All the TIROS satellites are generally cylindri- 
ail in appearmice. The vertical covei*ing of t h i s  
cylinder, which is 42 inches (107 cm) in diam- 
eter aiid 19 inches (48 cm) high, consists of 118 
Ant sections. The sides aiid top are covered 
with solar cells, the primary power source. The 
weight of TIROS I11 is approxiinntely 287 
pounds (130 kilograms). 

TIROS I11 was launched in n northeasterly 
direction from Cape Canaveral, Fla., into a 
nearly circular o&it at a mean altitude of about 
475 statute miles (760 kilometers). The 
period of revolution of the satellite around the 
enrtli is about 100 minutes, so that the satellite 
travels around the earth about 14.5 times every 
24 hours. With plniie of the orbit inclined 
about 48O to the equator, meteorologically use- 
fu l  data cannot be obtained polewiird of ap- 
proximately 55’ latitude. The satellite is spin 
stabilized in spnce. Initially, its spin axis was 
normal to t,he earth at about 20.8” north lati- 
tude; this changes to some extent as discussed 
in the section entitled “Spin Axis Orientation.” 
Both caineriL nxes are purnllel to the spin axis, 
and both cnmeras look in the same direction. 
The average orbital figures for TIROS I, 11, mid 
I11 we listed ns follows : 

Period, rnin _ r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L _ _ _ _ _ _  

Average height, statute miles (km) _ _ _ _ _ _ _ ~ ~ ~ ~ - ~ - ~ ~ ~  
Apogee, statute miles (km) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L - - - _ _ _  

Perigee, statute miles (km)_ _ - - _ _ _ _ _ _ _ _ _  - - - _ _  - - - - - 
Eccentricity _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L _ _ _ _ _ _  

Inclination, deg _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

99. 24 
450(720) 
401. 3(740) 
436.0( 702) 
0.00287 
48. 392 

98. 26 
420( 670) 
451. 5( 726) 
387. 8( 624) 
0.00727 
48. 530 

TIROS I11 

100.4 
475( 760) 
509. 8(820) 
457. 1 (730) 
0.00503 
47. 898 
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Photography 
On TIROS 111, the two television cameras de- 

signed to photograph the cloud COTrgr of the 
earth under daylight conditions are the same 
in regard to the size of the earth area viewed 
and the resolution; both are the same in these 

conditions, the cameras provide a resolution of 
the order of 1.5 to 2 miles (2.5 to 3 kilometers). 
When the cameras are looking at greater nadir 
angles, the extent of coverage is increased 
whereas the resolution decreases according to 
obvious goemetric factors. The narrow-angle 
camera used oll Tlaos I and viewed 

respects as the wide-angle camera lmd on Tmos approximate]y 75 mi]es (120 Itilometers) 011 & 
I and II. From an Of 475 (760 side when the camera was poillted straig];ht, 
ltilometers), these cameras are designed to view 
areas W?roximatelY 750 miles (1,2m kilo- 
meters) on a side when the cameras are pointed 
straight down (zero nadir angle) ; under these 

down. The best resolution u,lLs oll the or.er of 
0.2 to 0.5 mile (0.3 to 0.8 kilometer). 

Some details about both cameras are givan in 
the following table: 

The decision to use two wide-angle cameras on 
TIROS 111, rather than one wide-angle and one 
narrow-angle camera as on TIRO~ I and 11, was 
based on several factors, most important of 
which is the provision for redundancy, or back- 
up, in the event of a malfunction or failure of 
one of the cameras. Failure of the only wide- 
angle camera onboard either TIROS I or I1 would 
have made use of the narrow-angle camera d a h  
difficult or impossible. (Since camera No. 1 on 
TIROS did fail some 12 days after launch, the 
decision to use two wide-angle cameras has al- 
ready proven to be fortunate). Furthermore, 
meteorologically significant cloud systems are 
most often apparent over the large areas shown 
in the wide-angle camera pictures. When both 
wide-angle cameras are operating, more exten- 
sive synoptic coverage than would be possible 
with one wide-angle camera and one narrow- 

Wide angle 

104 

750 (1,200) 
f l l .5  
1.5 
500 
1.5 to 2 (2.5 to 3) 

Narrow angle 

13 

75 (120) 
f/1.8 
1.5 
500 
0.2 to 0.5 (0.3 to 0.8) 

angle camera can be obtained. Sufficient 
narrow-angle pictures are available to satisfy 
present research requirements until cameras 
providing similar resolution over wider areas 
become available in more adva.nced types of 
mstoorological satellites. 

Radiation sensors 

The second series of meteorological sensors on 
TIROS I11 consists of three sets of radiation 
detectors. The first of these consists of a five- 
channel radiometer which uses the spin of the 
satellite to generate a scan. This radiometer is 
oriented with its optical axis at  45" to the spin 
axis of the satellite and scans the surface of the 
earth by meians of a combination of the rotation 
of the satellite and its movement along the orbit. 
The spectral bands of these radiometers and the 
purpose of each are as follows: 
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Channel Band 

6.0 to 6.5 microns.. 

8 to 12 microns.. - - 

0.25 to 6 microns-- 
8 to 30 microns--- 
0.55 to  0.75 micron 

Purpose 

Radiation from water-vnpor bsnds. This is designed to measure the tcm- 
pcrature of tho water-vcipor layer a t  an average altitude somewhat below 
that of the tropopause. The iiltitude to which the mcasured temperature 
corresponds varies with the vertical distribution of water vapor. 

Radiation emittcd through the atmospheric “window.” The information 
expectcd from these niciisurcments includes: (a)  cloud-cover detection, 
especially a t  night and over areas where T V  cameras nre not operated; (6)  
measurement of cloud-top temperatures and, accordingly, a rough measurc 
of cloud-top heights; (c) mcasurcments of surfsee temperatures or tcmpera- 
ture gradients over cloud-free areas. 

Albedo of the earth. 
Infrared radiation cmittcd by earth and atmosphere combined. 
Radiation in the red part of the visible spectrum. This channel is designed to 

provide gross visual radiation maps for comparison with tlie vidicoil diits 
and provides a gross visual spectrum reference in areas for which vidicon 
data are not obtained. 

These radiat ion sensors provide a resolution 
of about 40 miles (about 65 kilometers) when 
looking straight down. 

Tlie second set, of radiation sensors consists 
of n black niid white body, encli mounted iw 
the apes of II cone. Encli hns a 450-mile (720 
kilometer) diameter field of view which fnlls 
within the field of view of the vidicon cnmerns. 
These provide low-resolut,ion data relative to the 
albedo of tlie enrth and total emitted radiation 
for heat balance studis.  These sensors are 
essentially the same on TIROS I1 and 111. 

The third set of radiation sensors is about, 
the same as one of tlie esperiments on the Es- 
plorer VI1 satellite. Thwe sensoi*s consist of 
four hemispheres, eiicli about 1 inch (2.5 centi- 
meters) in dinmeter, mounted on mirror sur- 
faces on rods sufficiently extended from the base 
of the satellite so that, when in orbit, the hemi- 
spheres do not see m y  part of tlie spacecraft. 
One $et of these liemisphercs, a black body and 
a white body, is mounted on one side of the 
satellite with an identical pair esnctJy opposite 
it. The net effect, of tllese four hemispheres 
is that of a white and blnck sphere of the same 
diameter isolated in space at, the altit,ude of 
the satellite orbit. Tlie black body absorbs 
most of tlie radiation incident upon it, whereas 
the white body is sensitive inainly to radiation 
whose wave-length is longer than npproxi- 
mately 4 microns. When tlie direct solnr radia- 
tion is subtracted, the data from these sensors 
can be used to infer the albedo of the earth and 
the total emitted radiation reaching the satel- 

lite. Tlie field of view is from that pnrt of the 
earth bounded by the liorizon ns seen from the 
riltitude of the satellite. 

Reduction and processing of the TIROS I1 nnd 
I11 rndiation dntn from the five-channel radi- 
ometer are k i n g  uiiderttbken as rnpidly as possi- 
ble; these data will be ready for genernl release 
in the near future. Studies of limited selected 
cnses deiiionstri~te that tlie data appear to be 
of significnnt~ meteorological value. 

Other equipment 

In addition to the t,~vo kinds of meteorologid 
sensors previously described, tlie satellite car- 
ries a horizon sensor (to aid in deteriiiining spin 
iisis attitude) niid n series of sun sensors (for 
determining the north direction of tlie pictures, 
pi~rticularly when low nadir t~ngles restrict tlie 
horizon visible 011 the pictures). Tliere is also 
a magnetic coil for nttitude control. (See the 
section entitled “Spin Axis Oriontntion.”) 
0 t h  equipment, includes t ape recorders for 
data stornge, dntii transmittors, n command 
receiver, bencon t rnnsmitt ers for t raclring mid 
for telemetry of tlio performance of equipment, 
stornge bdt  eries, solnr cells, r~nd necessiwy asso- 
ciated electronics. 

Operations 
Triacking nnd orbit deterniination are being 

carried out by tlio minitrack network and the 
NASA Sptwe Computer Center. Tlie priiiinry 
dnta acquisition stlitions for TIROS I11 are lo- 
cated nt Wallops Island, Virginia, and Point, 
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Mugu, California. The antennas for the latter 
station are located on San Nicolas Island, about 
60 miles off the California coast. These sta- 
tions program or command the satellite to per- 
form such operations as : 

0 Transmission of cloud photographs from 
either camera while within telemetry range 
of the station (about 1,200 miles). 
Taking of one series of 32 sequential pic- 
tures per cameru with either or both cam- 
eras at specific times in the future (nor- 
mally when the satellite is remote from a 
station) 'and storage of them in the mag- 
netic tape recorded. 
Read-out of the cloud pictures stored on 

magnetic tape in the satellite. 
Read-out of the radiation data stored in 
the satellite. This system is arranged to 
contain the radiation data from approxi- 
mately the last full orbital pass. 

Combinations of any or a11 of t,hese opera- 
tions may be performed during a single pass 
over a station, depending on the time within 
radio range. Attitude data are continuously 
transmitted through modulation of the track- 
ing-beacon. The vidicon telemetry signals 
received at  a data acquisition station are re- 
corded on magnetic tape and simultaneously 
on film through photography of the monitor 
screen. The radiation data are recorded only 
on magnetic tape. 

Decisions as to the regions of greatest meteor- 
ological interest for programing each satellite 
pass are made by the U.S. Weather Bureau 
based on consideration of locations suitably 
illuminated for photography, the attitude of 
the satellite, interpretation of data obtained on 
previous passes, and the stated plans of cooper- 
ating experimenters in the United States and 
abroad. These decisions are utilized by the 
NASA TIROS Technicnl Control Center in pro- 
graming commands to the satellite unless 
changes are required by engineering or experi- 
mental considerations. 

Spin axis orientation 

I n  the case of Tmos I, interactions between 
the magnetic moment of the satellite and the 
magnetic field of the earth produced unexpected 
changes of the spin axis orientation (ref. 1 ) .  
TIROS I1 and I11 are equipped wjth a magnetic 
attitude control coil through which, on com- 
mand from ground stations, variable amounts 
of current are permitted to flow. This device 
makes it, possible to exercise some control over 
the spin axis orientation. Although this can- 
not significantly change the orientation within 
R single orbit, i t  is possible to prolong the peri- 
ods during which the sa,tellite and its sensom 
are favorably oriented with respect to the sun 
and the earth. The maximum rate of change 
using this device is about 15" per day. 

TIROS 111: Programing Limitations and a Method 
for Determining Geographic Coverage 

Based on the characteristics of a TIROS satel- 
lite, its orbit, and the solar illumination of the 
earth, it is possible to predict for each day of 
the orbital cycle of the satellite the approximate 
geographic area in which it, is probable that 
satellite cloud-cover photographs will be taken. 
Although technical and programing factors 
introduce some uncertainty in predicting the 
areas to be photographed, these predictions can 
be useful for planning. More accurate photo- 
graphic programiiig information was supplied 
over in term t ional riieteorol ogical communi ctt- 
tions networks 7 days i n  advance and then ttgiin 
24 to 48 hours in :tclv:~nce. The following geo- 
gmphic. limitations may be noted: 

( a )  The probability that photographic 
data will be obtained decreases polewnrd of 
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the extreme orbital subpoints of the satel- 
lite; that is, no photographic data can be 
expected poleward of 5 5 O  north or 5 5 O  south 
latitude with the normal orbit which is in- 
clined at  48" to the equator. 

( 6 )  Because of the location of the data 
acquisition stations, the amount of data 
obtained over the following countries and 
areas within 48" north and south latitudes 
will be severely limited : Afghanistan, 
southern Argentina, southern Chile and 
ttdjacent southeastern Pacific Ocean, Imn,  
Pakistan, India, and TJSSR. 

The following sections describe the primary 
reasons for the limitations of the TIROS 111 
coverage and ti method for determining the ireas 
of potential (*overage for any given date. The 



material included has been based on tlie pre- 
dicted (or nominal) orbit prior to launch. The 
actual orbit achieved does not vary substan- 
tially from the nominal. Any revisions are 
provided in the detailed programming data 
transmitted over meteorological communicn- 
tions circuits. 

Latitude limitations 

Because of the slight bulge of the earth at the 
equator, the plane of the orbit of the satellite 
precesses in right ascension at the r i~te  of a few 
degrees per day. As a consequence of this rate 
of precession and the movemeiit of the earth in 
its own orbit around the sun, n complete cycle 
of this precession of the plme of the orbit of 
the satellite relntive to the sun is completed 
in about 9 weeks. This imposes latitude limits 
on the areas of pliotogrnpliic coverage because 
of the requirement for solar illumini~t,ion. 

I n  attempting to visunlize these phenomena 
nnd their effects on the nvnilnbility of observa- 
tions over ti given area, it is necessary to recall 
thnt for any single dtty the plane of the orbit 
remains nearly fixed in nbsolute space niid reln- 
tive to the sun, while the enrtli rotates inde- 
pendently within the orbit. Thus, on tiny single 
day, considering solnr illuniintition only, the 
stme latitudes tit till longitudes could be ob- 
served by the ciimerns tit various times during 
i~ 24-Iiour period. I-Toivever, the locations of 
the read-out sttitions plnce t11i ~idditioiiril con- 
straint, on obserwdle longitudes. (See next 
wctioii.) The slow precession of tlie orbit pliuie 
cttuses the illuminated lntitudes, as seen from 
the siitellite, to cliange over ti %week cycle in 
tlie manner described ns follows. 

The time of mich ltiuiicli is chosen so that 
initially the northern p r t  of the orbit is on 
tlie side of the eurth nenrest the sun aiid the 'L'V 
ctiineri~s cui1 obtain diitti over latitudes froni 
:ibout the equatoi* to 50° north Iiititudc. (The 
sutellite pisses over the Southem 13emisphei.o 
only iLt night during these initinl orbits.) 
(;riidut~Ily, the liitit ude at, wliicli the orbit 
ci'osses the 110011 meridinn moves slowly soutli- 
~ v w d  until, tibout 1 week ~ ~ f t e r  lnuiich, the de- 
scending node (point where the orbit crosses the 
equator on the southbound leg) is 011 tho siiiiie 

side of the earth tm the sun. At this t h e ,  
p h o t q p p h i c  observtLtions will bo inndo in the 

regions t~pproxiniately between 35" north and 
35" south latitude. 

Precession of tlie orbit and southwurd move- 
ment of the illuminiited areas under the orbit 
continue until tibout 4 weeks after launch; the 
southern part of the orbit is on the side of tlie 
earth lietirest the sun mid photogrnphic data 
can be obtained over the area between 20° south 
aiid 50" south latitude but not in the Northern 
Hemisphere over which the satellite passes now 
only tit night. From this point, the precession 
causes the illumiiitit,ed portion of the orbit to 
move northwnrd grndunlly ; about 6 weeks after 
launch, the nscending node (point where the 
orbit crosses the equator 011 the northbound leg) 
is on the same side of the earth tis tlie sun and 
again the observable itititudes are primnrily in 
tlie tropics. Continued precession tiiid north- 
wird movement of the illuniinnted wen under 
the orbit rench the point, about 8 weeks after 
Ii~iinch, where the northernmost port ion is again 
over the side of the eiirtli nearest the sun, mid 
pliotogrnphic observtit ions ngiiiii are possible 
between '28' north nnd 50" north lutitude. 
Precession continues iuid south~vnrd movement 
of the illuminnted tireti under the orbit begins 
tigtiin. The \vhole cycle repetits about every 9 
weeks throughout the useful life of the satellite. 

The consequences are grnphically illustrated 
in figure A-1, on which the shaded arm indi- 
cates, for each date on the tLbscim4, the illuini- 
iitited latitudes. For use in  deterininiiig the 
wens' of pliotograpliic covernge, the data on 
this grtiph w e  displayed in two pnrts, figures 
A-2 (11,) niid A-2 (b) . Figure A-%( a) shows the 
illuniinnted ltititudes on the sonthbound por- 
t ions of the orbits whereas figure A-2 (b) shows 
these lntit ides for the northbound portions. 

Longitude limitations 

Witliiii the illu~iiinnted lntititde zone t,liere 
tire tils0 longitude liiiiitntioiis upon the tireas 
froni whicli dntii mny be obtained. The locn- 
tions of the relidout stations (Virginia and 
('nlifornit~) determine the extent of these Iiini- 
lntions for the following retisons : 

( a )  The diitn storage cnptibility of the 
satellite is limited. 

( 6 )  The range tit ivhich each sttttion cnii 
conttwt, the siitellite ~ i n d  usefully rend-out 
dntti is limited to line of sight from the 
ground to the siitellite. 
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When plotted on a Mercittor projection world 
map, the trace of the orbit subpoiiit describes a 
sine-shaped curve, centered 011 the equator, with 
a half-amplitude of just under 50" of latitude 
and a wavelength of approximately 335" of 
longitude. The 335" wavelength derives f roni 
the rotation of the earth under the satellite; 
the longitude of each ascending node being dis- 
placed approximately 25" west of that for the 
immediately preceding orbit. The range at 
which each data readout station can contact the 
satellite and usefully read-out data is a circle 
with radius of about 20" of latitude. 

Orbits with ascending nodes over the area 
of the Atlantic Ocean cannot be contacted by 
either data readout station; in fttct, the first, 
orbit following these that can be contacted has 
an ascending node of about 75" west longitude 
and can be renched by the Virginia station near 
the southeastern extremity of its range. (The 
following discussion relntes to a 24-hour period 
starting with this orbit.) Following this orbit 
the next seven orbits cnn also each be contacted 
by either tlie Virginia or California stations 
(or both), the last one being that with an as- 
cending node near 80" east, which is contacted 
by the California station near the southwestern 
extremity of its rniige short,ly before its de- 
scending node near 115' west. During this 71,- 
orbit period, station locations impose no limit 
on the amount of datit that cnn be obtained. The 
mea covered during this 7%-orbit period is de- 
fined ns Area I and is the most, favorable area 
for photograpliic coverage. 

During the approximately 6l/z orbits between 
the It& contact with the California station and 
the next contact with the Virginia station 
(about 24 hours after the first contact with tlie 
Virginia station, which stitrted the period under 
consideration), we ciwi obtain : 

(a)  One sequence of 32 pictures 
(b) Solar ttnd terrestrial mdiation data 

for the lnst 100 minutes before the Virginin 
station contact 

Tlie itreas covered during this @,,-orbit, pe- 
riod include Arens I1 and I11 itnd itre less favor- 
able for photographic coverage. 

Remote programing 
An additional factor even further limits the 

diitib tliitt, citii be obtained during this 6S-orbit 
period of time. The satellite clocks, which de- 
terniine when remote picture sequences will 
stnrt, ctin run for t t  initximuin of only three 
orbits (5  hours) nfter being stiirted before they 
initiate the picture-tnking sequence. Under 
norintil operitting modes, this limits picture data 
following the lnst Cnlifornia contact to the a m  
between this contact (just before the 115" west 
descending node) and 5 hours and 15 niiiiutes 
later (shortly after the descending node at  ap- 
proximntely 165" east longitude). Tlie area 
covered during this three-orbit ( 5  hour) period 
following the last contnct with California sta- 
tion is defined ns Aren 11. From this point on, 
no pictures could be taken under iiorinitl oper- 
nting nioda until the first Virginia coiitiict on 
the orbit with tin nscending node between 
75" west, iind 100' west. 

To overcmne this limitation, n supplemental 
mode of operntioii was tried for the first time 
during the TIRW I11 experiment. Tlie clocks 
were set during the last Citlifornia contact (just 
before tlie 115" west descending node) but, if 
not, stnrted then, they could be stnrted by a 
speciiil signal transinitked from the NASA 
minitrnck station at Srwitiago, Chile. This ex- 
perimenttil inode permitted pictures to be taken 
from the time ~ t n  orbit came within range of 
Sniitiago (shortly before the nscending node 
nenr 30" west longitude) until the next contact 
with the Vii-ginia stntion. This special mode 
wits established primarily to incmnse the oppor- 
tunities of obtaining tropicnl st oim data over 
the tropical Noith Atliintic (it was successfully 
used to obtain pictures of hurricane ljetsy), but 
ci~n be more widely npplied. The I L ~ W  over 
which pictures citn be taken using this special 
mode (Snntingo clock start) is defined as Area 
111. This spscinl mode of operittioii can in no 
way iiicreiise the ninount of picture dntit that. 
can be obttiined during the (il/,-orbit, time period 
(Arens I1 itnd 111) following the last Cdi- 
foriiia contact ; it, only permits niom flexibility 
in  choosing the twei~s over which the one picture 
sequence is taken. 

The areas (I1 and 111) affected by this limi- 
t&ioii of one series of pictures per day are 
approximately as follows : 
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( u )  O n  southbound portions of t he  orbita 
(fig. A-a(a)) : From a line running ap- 
proximately from the southern tip of the 
Kamchatka Peninsula southeast to South 
Georgia Island (south Atlantic Ocean) 
westward to a line running from Hungary 
southeast to near the southern tip of New 
Zealand. 

( b )  O n  northbound portions of t he  or- 
bits (fig. A--3(b)) : From a line running 
from Sakhalin Island (north of Japan) 
southwest to aboutj 50" south, Oo westward 
to a line running from the English Channel 
to about 50' south, 165" west. 

It should be noted that most of these areas 
are also covered by orbits in the other phase 
which are contacted once per orbit by tlie Vir- 
ginin or California stations. This is not true, 
however, for an area over central, southern, and 
southeastern Kurasia, nnd for another over the 
southeastern Pacific Ocean and southern Ar- 
gentina and soixthern Chile ; consequently, tlie 
amount of data that TIROS will be able to obtain 
over these latter :weas will be severely limited. 

Use of graphs and maps 

To determine when pictures can be taken over 
any given area, first determine the latitudinal 
limits of the area. Then, using figure A-s(a), 
determine when those latitudes are illuminated 
for southbound passes. From figure A-2(b), 
make a similar determination for northbound 
passes. These are the approximate periods 
when it will be possible to take pictures over 
this area. Other limitations, discussed subse- 
quently, preclude taking data over all areas at 
all times. The specific times within these possi- 
hle areas when pictures were to be taken were 
more precisely identified by messages sent over 
international meteorological circuits 7 days and 
24 to 48 hours in advance. 

I n  many parts of the world, the period of 
southbound passes mill be more f;Lvorable than 
that of northbound passes, or the reverse. To 
determine this, use figures A-8( a)  and A-3 (b) . 
These maps show the geopaphicd limits of 
."Letis T)  TI, :ind TI1 for southbound passes 
(fig. A-3(a)) :ind for northbound passes (fig. 
Al-3(b)). Area I is the most favorable; next 
most, favorable is Area 11. Area 111 provides 
the least f:ivo~*able probability of oht:~ining pic- 
tures from the s:itellite. It is rouplily esti- 

mated that the probability of pictures being 
taken in Area I is about five times greater than 
in Areas I1 and 111 combined. Similarly, it is 
estimated that the probability in Area I1 is 
about twice as great as that in Area 111. 

Example 

Consider, as an example, the case of that part 
of nrazil bet,wreen the Equator and 3 0 O  south 
latitude. On the southbound portions of the 
orbits, the northern part of the mea is under 
nn illuminated portion of the orbit from about 
September 15 to September 80; the southern 
part is under an illuminated portion from about, 
September 21 to October 10. On the north- 
bound portion of the orbits, the southern part 
of the area is under an illuminated port,ion of 
the orbit from about August 3 to August 23; 
the northern part is under :til illuminated por- 
tion from about August, 14 to August 28. How- 
ever, Brazil is under Area I (most favorable 
condition) for southbound portions of the orbit 
while it is under Areti I11 (least favorable coii- 
ditions) for northbound portions. Accord- 
ingly, the most favorable period for Tmos pic- 
tures over Brazil would be during the period 
between about September 18 to October 8 when 
Brazil is under an illuminated southbound por- 
tion of the orbit. Perhaps a lesser effort mjglit 
be set up for the period between about August 
10 to 26; althougli illumination is sat isfactory, 
Brazil is under those portions of the orbit that 
can be programmed only using the special San- 
tiago clock-start mode. Consequently, there is 
much less chance of pictures being obtained over 
this nren during August. 

Derivation of maps and graphs 

An overlny of the stttelli to track superinipo~"d 
on a Mercator projection of the er~rt11 wtis used. 
The "high noon point" of the sritellite oiGi( 
(that, is, the point in any orbit, t iL wliicl~ tlie 
suhsatellito point on the enrdh crosc,es the nieri- 
&an of local high noon) is cletermined fro111 
the difierence in right rtsc~nsion (ristron0mic~1 
longitude) bet 1wen the sun :ind the tiscending 
node of the orhit. It, is :mumed thnt the mini- 
mum nadir :ingle (zero) o(~wrs :it this point-- 
that is, the wmer:is are pointing st rnight down 
--and tlit~t the 30-minute illiimintited tirett for t i  

picture-ttilting sequence (one fiill 15-miniitc? w- 
qnence per c:iniw:i) will cmrimence 15 miniit es 
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before this point on the orbit and be completed 
15 minutes after the high-noon point. 

There nr0 potential variittions in the boun- 
daries in the graphs niid maps of 25" in longi- 
tude and 6" in latitude. The longitude may 
vary because of diff'erences in the position of 
the first  imd the liist orbits during which the 
satellite cnii be contacted by the two rendout 
stations eiich 24-hour period. 130th the longi- 
tude aiid latitJude may vnry, dependent upon 
camera attit,ude. 

Assumptions 
As mentioned previously, the ussumption lius 

been mttde thnt the minimuin iindir angle (zero) 
occurs ut, high noon on the orbit and that tlie 
photogrnphic sequence of tlie cttmeru will evenly 
brncket high noon. In  iiddition, i t  hits been 
nssumed that the sihtellite spin nxis vector is in 
the orbital plnne. I n  actunl operhon, the posi- 
tion of the minimuin iiitdir angle will viwy and 
the spin axis vector will generally be somewhat 
out of the orbital plnne. A number of the pic- 
ture sequences will be taken before or after high 
noon on the orbit in order to furnish n number 
of pictures with horizons to facilitate determi- 
nation of attitude through photogrnmmetric 
techniques. 

Thus, it will be possible under some condi- 
tions to obtain a limited number of pictures 
north of 48" north and south of 48" south, the 
extreme orbital subpoints. Rowever, the prob- 
ability of dnta being obtained decreases when 
proceeding polewnrd of these latitudes. 

Other limitations 
There follows n discussion of other factors 

which limit the data which can be obtained from 
TIROS 111: 

( a )  Orbit inclinntion: Becnuse the orbit of 
the satellite is inclined at  an angle of slightly 
less than 50° to tlie equtttorisl plt~ne, the satel- 
lite is unable to gather significant meteorologic- 
ally useful data poleward of about 65" N. nnd S. 
latitude. 

( b )  Spin stabilization : For all primtical pur- 
poses, the orientation of the spin axis of the 
spacecraft remnins fixed. in absolute spnce over 

any one orbit, (the rute of change of the spin 
axis orientation due to use of the magnetic 
control coil cannot exceed about 15" per day). 
Accordingly, even under the most f nvorable 
circumstances with regnrd to the orielitation of 
the spin itxis and the position of the sun, the TV 
cninern is pointed towird illuminated portions 
of the ewth over only i~bout one-third of each 
orbit. The intarttction of tlie satellite with the 
iiingiietic field of the enrtlr keeps the ciimerit 
pointing npproximntely to the nitdir near tlie 
high-noon point of the orbit, regnsdless of 
whether this occui's in tlie Northern or Southeni 
Hemisphere. 

(c) Mngiietic tttpe storiLge citptwity : 
(1) Photoprttphic dnta : During the pe- 

riod between tlie progrnming of the cnm- 
eriL for remote (storage) picture operation 
nnd the reading out of the datn from the 
tiqm recorder on the cnmera, only one set 
of 32 remote pictures, taken sequentidly at 
30-second intervnls, cnii be obtained by 11 

camera system. The overall length of the 
nrea observed during one sequential strip 
of 32 pictures is of the order of 6,000 miles 
(9,600 kilometers), n t  best. Accordingly, 
between successive contacts with the data 
acquisition stations, at best only one such 
set of 32 pictures can be taken by the cnm- 
ern system. 

(2) Radiation datn : Becnuse these data 
nre recorded on n continuously running 
endless loop magnetic tnpe which completes 
its cycle in about 100 minutes, data older 
thnn 100 minutes are ertwd ns iiewer drttn 
nre recorded. Thus, only dntn observed 
within 100 minutes before datn rend-out by 
II ground stntion cnn be dbtnined. 

( d )  Power : At times the rnte of power pro- 
vided by the solar cells is insufficient to permit 
the tnking of ns inany TV pictures ns would 
otlierwise be available. The extent) of this coii- 
straiiit vnries with the precession of the orbit 
plane ttnd tlie orientation of the sntellite spin 
nxis. In addition, nvailable power gradunlly 
decrenses as the nickel-cadmium storajp bnt - 
teries degrnde with nge aiid with repeated 
chnrge-dischnrge cycles. 
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