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SATELLITE ACTIVITIES OF ESSA-1968 

'I'hc Knvironmrntnl Scirner Srnicrs Atlniinictration 
fillfills thr 1)rpnrtmrnt's rc*.;1)orisil>ility to tlrscrihr, 1111- 

tlrrstnntl, ant1 prrtlict th r  stntr o f  th r  ntmosplirrr, tlir 
ncrnns a n d  thr  spncr rnvironnicwt, n n t l  thr sin. nntl 
shnpr of thr  llnrth. l lSS.\ h:i% live. rn:i.inr siil>iinits w1iic.h 
cmntrihiitr r i th r r  tlirrrtly o r  intlirc.ctly t o  sp:rcc tc.t.li- 

noloyy: thr National I~,ri\.ironiiic.ntnl S:itrllitc- Chi t r r ,  
th r  Wrnthrr lhrrimi, the. Chist nntl (;rotlrtic S i i r ~ r y ,  
thr F,SS:\ Rrsrarc.11 1 ,nh>ratorirs, ant1 th r  1:nviron- 
mrntnl T)nt;i Srrvicc.. 

Highlights of 1968 --'I'\vn ICnvironmrntnl Srirvry 
SntrIlitrs-- - lCSS:\ 7 and {I-  -1vvt-r Iniinc.hrtl durinr: 1 
to mnintnin thr olwrntinnnl u.c'athrr sntrllitr systrni r s -  

tnhlishrd i r i  Frhriinry 1966. April 1 mnrkrtl thr righth 
;innivc.rs;iry of thr  hunch of TIROS I ,  t l i r  first wra thr r  
sntrllitr to scmtl I1nc.k risr:rbl(- c . I o i i 0  pictiirrs. 'I'hc onr- 
niillionth sntrllitr pictiirc- \vas rwrivrtl on May 27, 
1 368. 

With thv rool)cv-ntinn o f  S.\S.\ r.s))c.riiiic'ntrrs. V X . \  
usrt l  thr . \ ' I% 11 I sntrllitc, t o  o l > t ; t i n  closrly tiincd pic- 
tiircs n f bot l i  tor natlors ;inti hii  rricn n r s .  I'i lrns rnntlr 
from thrsr  picti im, t n k m  c \ w v  I 5  rniniitrs tlirrin,q pr- 
riotls of maximiini liyhtiny, i v ~ - r v  i l s c d  to stiitly tlrt:iilc 
of th r  tlrvrlopmrnt and lifr cyclrs of thrsr storms. 
Equipmrnt has hr rn  tlrsiynrtl to Iwrinit timrly acquisi- 
tion of thrsr pirtiirrs for olwrntionnl i i s r .  

T h r  sntrllitr-intc.rrn,~ntf.(l ownn hrioy pro,qrain WIS ad- 
vnncrtl I)y t h r  sticcrssfiil trst o f  n p r o t o t y r  inoorrd in 
14,500 f r r t  of wntrr nt N. 48" W. in thr North At- 
lantic. Aftrr rrmnininy on station siiccrssfiilly for 4 

months, th r  ninst Iwokr tliiriny an  riniisiinlly srvrrr  
stnnn nntl thr l ~ r i o y  \vas rrcovrrrd. 'I'hr t rs t  drmon- 
strntrtl thr stnhility of thr  Imoy and tl ir  tliirnbilitv of 
thr  moorinc, which rrmninrd intact. 

.\ sprcinl fncsimilr trnnsniission \vns ndtlrtl to nn cstah- 
lishrtl 11.S. nrtivnr-k tn rrlny .\iitornntic I'ictiirr 'I'lans- 
mission pliotoyrnphs from rrcrivinc stations to 2 3  
\Vrnthrr Ihirrnii :in11 ?!I military stations on tlir nrt- 
work. 'fliis rrlny o f  . \l"l' photos hns  ,grrntly inc.rr:isrd 
tlissrrnirintion and oprr;itionnl i i s r  o f  sntrllitr clntn. 

'I'liv \l 'rnthrr I:nc.siiniIr 1:xlwrimrnt transmission of 
sntrllitr nntl stnntlnrd nirtcnrnlo!:irnI clntn froiri thr 
1Tnitrd Stntrx to . \ I"I '  stations in F,iiropr,' ,\fric;i, mid 
Soiith .\iirrric:i via th r  . \ ' I 3  I I I s;itrlIitr stnrtrt l  rsprri-  
mrntnlly in j i i l v .  :incl l>v (k tn l t r r  hat1 hrcomr srmi- 
oprrntionnl. 11'l~11~24X transmissions to  tlir Pacific- vin 
. \ ' I 3  I cwitiniivtl iliiriny I W I .  Krspnnsr from rrrip- 
irnts is vritliiisinstic. 

Mrtroroloqical Sntcllitrs '1'111, Nntiorial Oprrntionnl 
n,lrtroi.c>lt~r:ic:rl Sntrllitr Svstrni ( N O X I S S )  wns l ikr-  
\visi. nrnint;iinrtl diirinq I!WI Iy th r  lnrinrli of 1:SS:l 
7 arid 8.  'I'lii*sc. sntrIIit,.s frirnishrd \wr~ltI\vidr pictorin1 
covrr;ir:r of thr  F,nrtIi ni i t l  its cloiitl systrn is  dnilv, rx-  
crpt in nrrns of polar niqht. 

'I'Iir F,SS,4 sri.irs of sntrllitrs partially fillfills on r  of 
t l l c  ni:iin ohir( , t i \m o f  t 1 i r  N( )YISS-- tl;iily oI>srr\.:ition 
o f  ylnlx~l w w t l i r i .  contlitions - In i t  doc.; not prriiiit 
niqlittiinr c h ; c ~ r i ~ i  tinns of clniitl systrnir or trniprratiirr 
I);ittrrns. 7'11iOS \I, thr nprrntinnnl Iwototypr of thr 
I'I'OS (Irnprnvrd ' I ' I  !<OS Oprrntinnnl Sntrllitr) S ~ S -  
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tem satellites, will add a nighttime cloud surveillance 
and day-and-night temperature mapping capability by 
means of a scanning radiometer. This spacecraft also 
will combine the functions now performed separately 
by two ESSA satellites, with a consequent saving in 
costs because fewer launches will b? required each 
year. The launch of the TIROS-M spacecraft, planned 
for the middle of Calendar Year 1969, will be followed 
by the launch of ITOS operational spacecraft starting 
late in 1969. 

Operations of the ESSA Satellites-ESSA satellites 
orbit the Earth in about 114 minutes at average alti- 
tudes of 760 nautical miles. 

One type of ESSA satellite is equipped with two Ad- 
vanced Vidicon Camera System (AVCS) units, each 
of which is capable of maintaining global cloud-cover 
surveillance. One camera is used operationally; the 
second is held in reserve, thus materially increasing the 
useful lifetime of the satellites. Thc pictures from 
AVCS-equipped satellites are transmitted to ground 
stations in Alaska and Virginia, relayed to a central 
processing unit at Suitland, Md., processed, and made 
available to the United States and international me- 
teorological community. 

Equipment for the other type of ESSA satellite is also 
redundant; each of the two Automatic Picture Trans- 
mission ( A P T )  cameras can take and immediately 
transmit pictures of the area beneath the satellite to 
simply equipped ground stations within a 2,000-mile 
range of the spacecraft. The APT pictwes furnish 
local forecasters with a fresh (3fi-minute-old) view 
of the cloud patterns over or adjacent to the local area; 
these arc used widely by U S .  meteorological agencies. 
Meteorologists in many countries have become accus- 
tomed to using APT pictures for operational forecast- 
ing. Thus the APT-equipped satellites have become an 
integral part of the World Weather Watch, an interna- 
tional meteorological observation system now under 
development. Mosaics covering the United States and 
adjacent areas are prepared daily from APT pictures 
received at Suitland. Copies are distributed to local 
and national news services, and are used daily by many 
newspapers and television stations in the United States. 

NIMBUS 11-APT pictures from the NIMBUS I1 
R. & D. satellite were used operationally until the sys- 
tem ceased functioning near the beginning of April 
1968, more than 22 months after launch. 

Applications Technology Satellites-APPLICA- 
TIONS TECHNOLOGY SATELLITES (ATS-I 
and ATS-111, launched respectively on Dec. 6, 1966, 
and Nov. 5, 1967, by NASA) have successfully demon- 
strated the potential of a geostationary satellite for 
environmental observation. Both satellites contain spin- 
scan cloud cameras which can take pictures approxi- 
mately once every 20 minutes. ATS-I photographs the 
Pacific basin and ATS-I11 photographs the Atlantic. 
The ATS-I11 camera was designed for color photog- 
raphy, using three separate color channels. The system 
worked well for several months, but subsequent mal- 
function of the red channel has reduced ATS-I11 to 
essentially blakk-and-white photography. Details on 
the uses of these cameras and the transponders aboard 
these satellites are given elsewhere. 

Computer-Processed Cloud Mosaics-Cloud photo- 
graphs are processed routinely by computer for opera- 
tional use; the pictures are digitized, rectified, and fit 
into global mosaics for routine transmission via fac- 
simile to all U S .  Weather Stations. Some have been 
transmitted experimentally (and successfully) to APT 
stations in Europe, Asia, Australia, the Pacific Ocean 
area, and North and South America by means of 
transmitters on board the ATS satelliteu. Special mo- 
saics of the tropics are sent to the National Hurricane 
and the Tropical Analysis Centers in Miami during 
the hurricane season. The mosaics are also printed in 
catalogues of cloud photography to make the informa- 
tion accessible to research scientists. 

Operational Applications of Satellite data-Routine 
and reliable receipt of data from both types of ESSA 
spacecraft has resulted in widespread usage of satellite 
information in daily operations both in the United 
States and abroad. Data available are those centrally 
processed in the United States, and the pictures re- 
ceived locally from the satellites equipped with Auto- 
matic Picture Transmission cameras. APT photographs 
arc used operationally for analyses, local and area fore- 
casts, and for briefing pilots on weather conditions over 
long transocean routes. 

Satellite photography is particularly uselud for tracking 
weather systems across the vast areas ol Earth where 
conventional observations are lacking. The most spec- 
tacular use is in the discovery and tracking of tropical 
storms, typhoons, and hurricanes wherever they may 
occur. During 1968, 33 of these storms had been seen 
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by the satellites, and advisories had been sent to for- 
eign countries and US. installations worldwide. A 
method devised for estimating maximuni winds in these 
tropical storms from characteristics seen in the satelitte 
pictures has been used successfully for several years. 
Tracking of storms in middle and high altitudes has 
resulted in improved advisory service to coastal areas 
and to shipping on the high seas. 

Winds in the 30,00040,000-foot levels as estimated 
from ESSA photographs are used routincly in computer 
analyses, and are transmitted daily to users worldwide. 
These experimental winds provide information over 
tropical and subtropical areas that are almost com- 
pletely devoid of conventional upper-level wind 
information. 

Research and development programs of the National 
Environmental Satellite Center-In 1968 work con- 
tinued on a number of long-term projects, and was 
initiated on several new projects. The research included 
studies to increase basic understanding of atmospheric 
processes, the objectives of which are to improve 
weather analysis and forecasting; the development of 
new instrumentation for nieasuring environmental data 
from satellites; and the development of new methods 
and procedures for using satellite data in daily opera- 
tions. Among the more than 50 investigations under 
way, the following are of particular interest: 

a. A number of instruments are being designed 
to obtain measurements of the vertical structure 
of the atmosphere. The Satellite Infrared Spectro- 
meter (SIRS), developed by NESC and funded 
by NASA, is to be tested on NIMBUS B2, sched- 
uled for launch by the middle of 1969. The In- 
frared Temperature Profile Radiometer, an adap- 
tation of SIRS, is under development for testing 
on NIMBUS E. This instrument has a spatial 
scanning capability to permit operation over 
partly cloudy skies. 

b. Procedures for obtaining the extent and depth 
of snow fields from satellite pictures are being 
investigated. An operational guide for mapping 
the extent of snow cover was developed under an 
NESC contract in 1968. Large-scale mapping of 
snow cover and sea ice by means of satellite pic- 
tures is being done experimentally. 

c. Procedures developed for making time-lapse 
motion picture film from ATS-I and ATS-I11 

photographs have enabled research meteorolo- 
gists to study details of tornado and hurricane de- 
velopment. The ATS pictures, available a t  either 
15-, 2.1- or 30-minute intervals, provide views of 
these storm systems heretofore unavailable. A ma- 
jor resrarch effort is being directed toward devis- 
ing niorc efficient and timely methods for the 
rxtraction of multilcvrl wind information from 
the ATS spin-scan cloud camera pictures and 
films. 

d. Digitized daily records of cloud data are being 
used to supply various products such as average 5- 
day, monthly, and seasonal cloud charts, and 
brightness charts. Films of the daily digitized 
charts show broad-scale motions in both the tropics 
and mid-latitudes, and show climatic regimes in a 
graphic fashion. These charts and films are prov- 
ing useful for heat-balance studies, radiation 
studies, icr mapping, and long-period variations 
in large-scale weather features; they also show 
promise of being useful for developing improved 
global cloud climatologies. 

e. Plans are under way for intensive investigations 
of the Ocean surface, the interactions between the 
sea and the atmosphere, and the temperature 
structure of the ocean by means of satellite sen- 
sors. The state of sea surface is being estimated by 
analysis of reflection of the Sun seen in satellite 
pictures; analyses such as these will yield esti- 
mates of surface wind speeds in remote areas. 
Temperature fields and ocean currents will be 
mapped and the information used in meteorologi- 
cal and oceanographic investigations. 

International Cooperation-The continued worldwide 
availability of Automatic Picture Transmission (APT) 
pictures and the experimental semi-operational trans- 
mission of satellite data through the Weather Facsimile 
Experiment (WEFAX) on the ATS satellites has 
helped to maintain the image of the United States as 
an unstinting sharer of scientific results in space pro- 
grams. At the end of 1968, 52 foreign countries re- 
ported 108 APT stations in operation. Application of 
satellite products was discussed and demonstrated daily 
by United States participants at the International Con- 
ference on the Peaceful Uses of Space in Vienna. Cur- 
rent and planned satellite products were also discussed 
at the International Cloud Physics Conference in TO- 
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ronto and at  thc. International Union of Geodesy and net of stations u\ed to dcttv-t the 
Geophysics --World Meteorological Organization precipitation of solar protons into the high atirioy- 
( I UGG W M O  ) meetings in Bergen, Norway, during 

facility is a cc-ntrr f o x  

phere in thc .Arctic region. 
August 1968. U.S. participants furnishrd major con- 
tributions to the W M O  satellite meteorology work- 
shop held in Melbourne, Australia, during November 
and 1)eccm her 1968. ‘The National Environmental 
Satellite Ccn ter provided training and study facilities 
for WMO, NATO, and AID fellows from China, 

Solar X-ray data arc ohtained on ;i tirrirly basis from 
the SO1,AK RAI )I  A’l’I( )N SA’I‘ELI ,H“, SO1 .RAT) 
9, for use in rriakinq disturbance forrcasts. Data arc 
obtained with the. c.oopc*ration of the Naval lirscwcli 
Laboratories. 

Greece, I Iungary, India, Jndont.sia, the Philippines, In cooperation with (hnacliaii wientists, SKI. TA 
Swit/c.rland, and ‘Thailand, and briefings for many rockets intrurnrnted to  inonitor radiation in thr 
other foreign scientists during 1968. 1.27 x IO-:’ millirnrtvr wave Irnqth range, are usrtf to 

Washington-Moscow Data Exchange--Pursuant to 
the 1962 bilateral agreement between the United 
States and the U.S.S.R., exchange of satellite data con- 
tinued ovtrr the Washington-Moscow data link during 
1968. ’I’hc U.S.S.R. furnished data from their COS- 
MOS 184, launched in 1967, and COSMOS 206 and 
226, launched in 1968. The United States furnished 
satellite photographs and nephanalyses (cloud maps) 
based on ESSA 3, 5, and 7 data;  these products are 
used in daily analysis opcrations at  the World Weather 
Center, Moscow. Traffic from MOSCCJW includes satel- 
lite photographs, nephanalyses, and radiation analyses. 

ESSA Research Laboratories 
The ESSA Research T,aboratories, with main offices in 
Boulder, Colo., and a number of 1,aboratories in field 
stations elsewhere, conduct research and provide serv- 
ices in support o f  the broad ESSA mission require- 
ments. Activities include a number of scientic disci- 
plines : oceanography, Earth sciences, gromagnetism, 
tropospheric and ionospheric and rriagnetosphet-ic 
physics. Programs include tropospheric radio and opti- 
cal wavc: propagation, ionosphc:ric radio propagation, 
monitoring and forecasting solar activity and its effects 
in Earth’s vicinity, and rwearch on solar radiation in- 
teractions with the magnetosphere. 

The ERI, Space Disturbance 1,aboratory monitors and 
predicts fluctuations and disturbances in Earth’s space 
rnvironmcmt associated with solar activity. Research 
artivitivs support thest. services and increase under- 
standing of the manner in whic,h solar particles affect 
Earth’s environmtmt. 

.\ facility at  Anchoraqc, Alaska, is now operational as 
part of the Space 1 Iisturbance Forecasting Center. This 

obtain measurements o f  the diurnal variations and 
height profiles of molecular oxygen in the excited state. 
Several successful flights have been made from Fort 
Churchill, Canada, and data obtained are kcing ana- 
lyzed. ‘These rcsults are important in understanding 
the electron balancc. of the lower ionosphere. 

Auroral zone absorption events observed from thc 
Earth’s surface are comparcd with energetic particle 
observations obtairicd by NASA satrllites while pass- 
ing through the tail of the Earth’s magnetosphere a t  
about 17 Earth radii. ‘These comparimns indicate that 
the particle source producing the absorption is rela- 
tively close to the Earth. 

A preliminary study has established the feasibility of 
providing forecasts of solar activity for the APOLLO 
Applications Program-Astronomical ‘I’elrscope Mount 
(AAP-ATM) program. ‘I’he aims of this program are 
to supply to the A‘rM astronauts forecasts of the J)roba- 
bilitirs of occurrence and probable location of solar 
flares so that high-rtrsolution instruments can be 
activated arid properly oriented to obtain measure- 
ments. ‘I’hc Sp;icc. 1)isturbance Forecasting Center will 
also collect arid tlissmiiriatc solar data for use during 
postflight analyscs of data obtained in the ATM 
program. 

‘The EKI, Aeronomy 1,aboratory conducts rcscarch on 
the ionosphcrc and thc. magnetosphere. The Labora- 
tory operates, in cooperation with Peruvian scientists, 
a facility using radio tvchniques based on the scattering 
of radio wavcs by cilvctrons to  ohtain measurements of 
the high ionospheric rc-gion. Recently, the technique 
has hem usrd to nirtasirre electric fields i n  the high 
ionospherc, nieasurcwients prvviously obtained a t  great 
expensf. arid for short timtr periods only, by rockets. The 
current method is hascd on monitoring the vertical 
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rlrctron drift in thc= ionosphrrr and inakcs possiblc 
continiious studies frorn a ground facility. 'I'his station 
also niakrs nicw,urrrrwnts of ionosphrrk pai aiiirters, 
such as rlrctron and nrutral trmpcraturcs. I n  somr 
( ~ S V F ,  cornparison5 hrtwccm thrsr mrasurcmcntF arid 
thosr obtainrd by mtrllitrs show siqnificant discrr1)- 
aricirs. Sinct. othrr  vvidcrirr intlicatrs that t h r  s( nttc.1 
rvsults obtainrd frorn the ground air ac( uratr, thr 1111- 

crrtaintic.5 may hr associatvd with tlir satvllitr 
nirasurrmc*n ts. 

I Iltraviolct data from thr NKI ,  SOI,RAD satrllitcs 
arc nionitorcd durihg prriods of atiiiosphrric occulta- 
tion and analyxd to obtain oxygen drnsity in thr vicin- 
ity of 62 milcs. 'I'tie results show that suinrnrr drnsitirs 
'irt' about 1.5 larger than winter drnsities. 

'I'hcorctical studies biw undertakrn which SII~WSS- 

fully cxplain the ionospheric rrsonancrs obscivcd by 
satcllitr radio soundrrs. I'his thcorrtical dcvrlopmrnt, 
which involvvs rehoes from thr plasma in thr ncar 
firld of thr antenna, explains ccrtain aspects of thrsc 
rcsonancrs, which havr brcn difficult to rxplain hy 
previous theory. 

Part o f  the hcronomy 1,ahot atory rockrt I)rogram i5 
conductrcl in cooperation with thr rockrt program of 
thr Sparr 1)isturbancrs 1,ahoratory. Thr rockets arc 
instruinrntrd to obtain thc rlrctron density i n  thr 
ionosphrre by mrans of radio signals transmittrd from 
the rorkrt using Faraday rotation trchniqurs. 

I\ method for obtaining atomic oxygrn rnc.asiircmirnts 
by using thin films of silvrr has hrrri drvrloprd for usr 

on rockrts. Thrsr thin films, rx}~oscd to thc atinosphrrr 
during thr rocket's flight, prodiicr silvrr oxidr, thrrchy 
changing thr electrical rcsistancv. T'hr data thus oh- 
tainrd yirld atomic oxygen profilrs. 

I h t a  obtained from thr A I A 0 ~ J ~ ~ ' 1 * 7 ' E  I and I 1  top- 
side sounders and thc earlirr LXI'I,OKEK XX arc 
analyzed to detcrrnine the c*ffvcts of niaqnrtic stornis 
on ionosphrric rlvctron drnsity. .A nrw rncthod dwrl-  
oprd this yrar provides clcctron drnsity and tctriprra- 
ture profiles from topside sounder data more prrcisely 
than in the past. 

1:urther theoretical dcvr1ol)ments on thc- rlfccts of 
rlcctric charge on satellite probes havr in(-rrasrd ac- 
cu-acies of data from these probes. This theory takes 
into account cffccts such as secondary rinission pro- 

ducrd b y  photons and tliv contamination in the cniis- 
sion frorn cncqc-tic particlcs. 

Magnrtic storins ; i d  suhvisual optical rrnissions, 
kno\cn ;is rcd ;ires, arc. studird hy c~oniparing sirnul- 
t;inroiis data froiii sc%vrraI satrllitv electron-density 
I i i ( ,~~s~ir(~ ir i ( ,r i t s  with ground-hasvtl opticd c.xpt.rirncnts. 
'I'Ii(-sr analysrs show that t h v  c~lrctron drnsity within 
t h v  arc is Irss than that outsidr thr arc. 'l'hrsc studies 
; i t ( :  rxpcctrd to lrad to an rxplanation of thr rrd arc 
and o thr r  ionosphrric rlfrcts. 

' l l ~ c  '1'rolmsl)hrric 'I'rlrcoiriniunic-ations Idahoratory 
c.onduc.ts stiidics to dwrlop and irnprovc coniinunica- 
tions by means o f  satrllitrs. 7'hv oprrational use o f  
satc.1litc.s for air traffic control is undrr consideration 
to Iirlp allcviatc owrcrowding o f  radio frrqucncy bands 
currrnt ly  in  usr. Onc ohjrctivr is to drfinr intcrfrrcncr 
protrction ratios rc*quirrd to maintain adcquatr intrl- 
ligihility ovrr c.oiiirn~uiications circuits. :\ir traffic ron- 
trol traiisniissions are siniulatrd, using convrntional cir- 
cuits irndrr varying conditions. Ihth subjcctivc and 
objt-ctivr cvaluations of thr transmissions arc madr. 

Cornmun ic.a t ions and t r lrrrir t ry \vi t h sa tel li tcs sonic- 
Linirs suffer intrrfcrcncr by scatter of signals froin 
othw corrimunicatioiis links which arc- Imcipiitatcd 
into thr satrllitr acquisition syswms. .\ program to 
nnalyzr this Imiblrni has hwn undrrtakrn ; roinputa- 
ticins have hrrri madc of prrcipitation scattrr, rrlating 
lrvrls of tcw-ivrd p w r r  to 1)rohability o f  occurrenctx. 

Rlrctroniagnctic- wavc drvicrs u s c d  for tracking ohjects 
in spaw and for rncastiring grodrtic distanrrs and an- 
glrs havr accwracics which arr liniitrd by thc. tiinr- 
spaw variation of radio or optical irfraction. Mrasurc- 
riic~its of rrfractiori dfrcts takrn i n  C:oloratlo and in 
I Iawaii are bring usid to study thr corrrlation of 
rangr and angular position errors \\itti  rrfractivr-in- 
t1c.x data ohtaincd froin a varirty o f  srnsing rlrinmts. 
'I'lirsc. stutlic-s will iriiprovv accuracy in grodrtic tncas- 
11 r(wi(w ts  and i r i  issi Ir t r x  ki  ng. 

Anothrr approach to this I)rohlrm is bring studird by 
the. Wavr I'roixigation 1,ahoratory. 'I'his laboratory 
tias ~ i s c d  ixdioinvtwi to  inrasiirc ttic c*missivitics of at- 

niosplirric Lvatvr i n  its various forms at srvrtal frc- 
qiwm'irs i n  t tic- niiliinictw w a v ~  rrgion. 'I'hc- incasurr- 
iricwts ~ v c ~  ~nadc  tog(-tlirr with prriodic iiictc.orologica1 
ohsrrvations ;inti  otwi.vations b y  thc 'l'roposptiwic 
' I'rlcwxni n i  i 11 ic.a t ic )iis I .al,ora t cirics of radio phasr patti . 

' 
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Sincr the accuracy of radar tracking of missiles, satel- 
lites, and other objrcts is limited by these effects, com- 
parative analysis of the various observations may yield 
a new method, employing radiometry, to improve 
tracking accuracy. The data will also be analyzed to 
establish the effects of atmospheric water on satelhtr 
remote sen5ing in the millimc*ter wave rc’gion. 

Satellite photographs are used by the Atlantic Ocean- 
oqraphic Laboratories in the study of low-level con- 
vectivr ( loud patterns in the eastern Caribbean and 
western tropical Atlantic Ocean. These patterns will 
be related to observations of temperature, pressure, 
wind and other meteorological parameters obtained 
during the Barbados experiments. Ocean thermal data 
obtained by the ESSA research vessels in the vicinity 
of the Gulf Stream will be correlated with high-resolu- 
tion infrared radiation data from NIMBUS 11. 

‘rhe Air Resources Laboratory has established micro- 
phone networks for measurements of sonic booms from 
supersonic aircraft. These measurements will be corre- 
lated Nith meteorological data and with aircraft flight 
configurations. 

Coast And Geodetic Survey Operations 
The Coast and Geodetic Survey uses satellites opera- 
tionally in geodesy and precise navigation; is engaged 
in studies to determine the feasibility of using satellite 
techniques in performing its assigned tasks; and sup- 
ports space facilities and activities indirectly through 
its seismic and geomagnetic activities. 

Geometric Satellite Triangulation- The Coast and 
Geodetic Survey’s Geodetic Research Laboratory de- 
voted most of its 1968 activity to support the worldwide 
(;eometric Satellite Triangulation Program being con- 
ducted under a cooperative agreement between the 
Department of Commerce and the Department of 
Defense. The Laboratory provided terhnical and scien- 
tific support in the areas of data acquisition, laboratory 
measurements of field records, data reduction proce- 
dures and data analysis. 

Preliminary results obtained at 25 stations of the world- 
wide network and from about 350 events indicate that 
the eventual goal of an accuracy of about t 2 0  feet in 
latitude and longitude and 33 feet in height at  each 
station is feasible. 

Satellite triangulation computer programs have been 
revised to provide improved statistical analysis, to elim- 
inate inconsistencies in the raw data, to incorporate 
range data and to handle fully correlated observations. 

The BC-4 ramera data, totalling about 150,000 indi- 
vidual directions, have been sent to the NASA Geo- 
detic Data Library. Aggregated reduced directions have 
been provided to the Smithsonian Astrophysical 
Observatory. 

A series of studies on the need for additional scale 
measurements in the worldwide network resulted in 
the conclusion that five such measurements are 
desirable. 

The long-range and high-precision short-range orbit- 
prediction computer programs for balloon satellites 
were improved and refined by introducing a flexible 
gravitational model into the former and a theoretical 
model to account for solar radiation pressure into the 
latter. Resonance theory was applied to PAGEOS geo- 
detic satellite orbit to extract numerical values for 
resonant gravitational harmonics. 

A project is under way for determining the high-fre- 
quency variations of Earth’s gravitational field by 
applying a surface density layer instead of spherical har- 
monics. This will bypass the problem of convergence 
in the latter mathematical representation. 

The Satellite Triangulation Division continued data 
acquisition providing technical supervision for 15 geo- 
detic camera units throughout the world. Eight sys- 
tems are operated by the Coast and Geodetic Survey, 
four by the Army Map Service, and one, owned by 
West Germany, is operated jointly with the Coast 
and Geodetic Survey. The Survey also operates one 
system with the United Kingdom and another with 
South Africa. Thirty-four of the 43 proposed stations 
have been or are presently occupied. 

Time Transfer Tests-The Satellite Triangulation Di- 
vision together with the National Bureau of Standards 
and NASA continued tests on transferring time via 

LITES, ATS I and 111, to isolated stations in various 
parts of the world. Accuracies of +2 microseconds are 
now being achieved. This method is now used to trans- 
fer time to Tristan da Cunha, South Georgia, and 
Villa Dolores, Argentina. 

NASA’s APPLICATIONS TECHNOLOGY SATEL- 



A Time Kecovcry Receiver has becn developed to check 
and establish prrcise timr on five isolated Antarctic 
stations. Since thi: range of AI’S satellitcs is not suffi- 
cient to rrach the Antarctic, U.S. Navy TRANSIT sat- 
c.llit.rs must be used. The result is an accuracy of 50 
mi(, roscconds. 

Earth Resources Program-- -In connec t ion with 
NASA’s t ;codetic-Cartographic sub-program, studies 
continued o ~ i  the application of space technoIoA7 to 
thc h r t h  Itesourccs I’rogram. Emphasis was placed 
on the dcfinition of and the spccifications for a photo- 
granirtric space system for the cstablishInent of geo- 
drtic control and determination of the geometric shape 
of Earth’s Ocean surfaces. The photogrammetric system 
consists of two wide-angle mapping carneras, two pan- 
oramic camcras, two stellar cameras and a laser or 
radar altimetrr, all in a single rigid package or mount. 
The C. & G.S.  contracted with NASA to be responsi- 
ble for aircraft flight tcsts of a camera-laser packagc 
for the evaluation of a NASA-developed laser altim- 
eter which is nearing completion. 

Activities in Support of the Tsunami Warning Sys- 
tem ~ Continued efforts arc bring made to iniprovr 
the operation of the Coast and Geodetic Survry’s 
Tsunanii Warning System through fastrr c,omniuni- 
cations and data trlcnietry. An experiment is planned 
for 1969 in which sea-lcvrl data will br transmittcrtl via 
thc NASA A‘I’S-111 satellitr from an underwater plat- 
form m a r  Andros Island, in thc Rahan~as, to NASA’s 
Goddarcl Space Flight Crntcr. 

%smological Activities--The Coast and Geodrtic 
Survey’s Srismology 1)ivision has done a srrks of 
srisrnic. inrasurcments froin proprllant explosions to 
assess potential damage f r o m  rockets during launch 
nprrations. A rrport on thr results o f  monitoring 12 
intc-ntional c.xplosions o f  rockrt proj~~~llants has bccw 
suhmittrd to NASA’s Advanrcd Studirs ()fir(. at thr 
Krnncdy Spacr Crntrr. 

’I’hc! c:onclusions of this study are: 

I .  For rocket detonations, thr T N T  equivalrncr 
dctrrrninc-d by seismic tediniqurs in tho far fidd 
(hcyond 1,000 fret) area ranged from a low 0.2‘3’ 
for 25,000 Iminds o f  a mixtun. of liquid oxygt-ti 
a r i d  liquid hydrogrn c-onfincd hy niissilr failurv, 
to  2 2 3 ’  for a solid-propellant explosion with a 
c-hargc: cyuivalrnt t o  7,000 poirntls of ‘I’N‘I’. 

2. ’ I h ~  variation o f  proprllant type, mode of 
failurr, or propllant Wright did not producr a 
statistically significant T N T  cquivalt*ncr for the 
trsts monitorrd. 

3. ‘I‘hc~rc wrrr s u f i c h t  data to rstablish a 
statistic.aI rate o f  tircay o f  tho acoustic signal 
through thc- distancr rang(- of 2,000 to 10,000 fret. 

Whilr thrrr wa?~ suficic-lit rvidrncc to indicate a ‘I‘NT 
cyiiivalrnce of liquid piopvllnnts nppro~ching 109, it 
w,ts pointrd out that tlirrc i \  no assuraiicr that thr 
conditions for iiiasiniuni vfficicncy of thc propellant 
c-xplosion wrrr a( trially nwt. ‘I’hcrrforr, i t  n i a y  tw pos- 
siblc. to havv a rockrt dctonation with an rfficirncy 
grt’attv than 10%. 

Among the recomnicndations includrd in this report 
was a call for continuancr of thr scisniic monitoring 
pmgrarii in thr arras of potential daniagr during the 
launch o f  largrr missiles. 

Geomagnetism ESSA’s Frrdericksburg Geomagnetic 
Crnter continued to rnakc calibration and test facil- 
itics and scrvicrs availa1)k to N.\S Z as a contribution 
toward thr dcvrlopnirnt o f  space instriirnrntation. A 
1 9th century SH iss-niadr theodolitr, having a large, 
c-alibratrd circlr of vrry high quality, u ;IS renovated 
and modified by thr Ccnter for iisr in acciiratc4y align- 
inh ’ . I  5 )acr scnsors. 

. \ I 1  rnagnrtic survry data coIIc.ctcd from world-wide 
sourcrs u’rr(’ s( rwiird ;iritI c~valuatcd by C. & G.S. 
I h c s r  data Lvcrr usrd in a continuing, cooprrative ef- 
fort to improve knowlrdge and undrrstanding of thr 
(.h;ir.~ctrrist ics .ind lwlia\ ior o f  Eiii th’s rnagnrtic field. 
’I’hrst. rtt1dir.s o ( ~ ~ d  through thc de\rlol)mcnt of 
acwratr rn;ithrniaticd I I I O ~ ~ I S  of thr migilrtic field 
from siirf;iw 1rvc.l~ to satrllitc altitridrs. 

t;. & ( ;.S. pcmonncl asistcd thc- World h4agwtic SUI - 
\vy IIoard o f  thr I ntvt  national ~ ~ n i o i i  o f  ( ;rodcsy and 
( ;c.optiysics i n  p r r p  nix ior ;in intrrnat ional Synipo- 
siuni, to lw hr l t l  i n  M’.irhingtoii, on “I)cwriptioii of thr 
Earth’s h4ag:ncXtic Vivltl * ’  

r .  

Weather Bureau Operations 
‘l‘tir rapid gains ni;iclc* in  1967 t)y t h ~  Wc;~thcr Ihrrau 
in participation i n  thv s p a c ~  l)rogIa~ii  Iravc- I>crn con- 
solitlatcd during I ! W .  Kxpc.ririiviits arr cvntiiiuing in 
data rrlay, with phiis to inclutlc tvst collrctioii o f  data 
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from ships at sea. Implementation of specific pro- 
grams for increased operational utilization of satellite 
data has been intensified, notably in tropical storm 
forecasting. The Ihreau is also providing greater sup- 
port to various satellitr programs both directly and 
indirectly. 

Experiment With ATS-1 Satellite-Experiments in 
data collection and relay of river stage and rainfall 
measurements are being continued by the Weather 
Bureau’s Office of Hydrology using NASA’s AI‘S-1 
qeostationary satellite. Operational experience accumu- 
:ated from this experiment will furnish a basis for 
effective planning of future systems. 

Experiment With ATS-3 Satellite-The Weather Bu- 
reau is providing support for the ATS WEFAX 
i Weather Facsimile) experiment by having JFK-New 
York, Miami, New Orleans, and San Juan receive the 
WEF:lX transmissions and submit evaluations of these 
to National Environmental Satellite Center. 

Snow Surveying-Under a contract effort, an “Oper- 
ational (hide for Mapping Snow Cover from Satel- 
lite Photographs” has been developed for the plains 
areas of the United States. Work is now progressing 
on developing techniques for mapping snow cover in 
the mountain States of the West. TIKOS and ESSA 
photographs of the snow cover in the western States are 
being used in experimental support of the Weather 
lhreau’s River and Flood Forecasting Service. 

Sensor Study--A sensor evaluation study is being made 
under contract to ascertain what satellite sensors hold 
thc most prornisc: of providing useful data in meeting 
problcms confronting the Weather IJureau’s hydrologic 
mission. Results of this study will be used as input to 
planning the applications of space-derived data to 
hydroloky. 

Digitized Cloud Mosaics---The operational program 
for facsimile transmission of digitalized mosaics has 
been expanded to provide information not only to the 
50 Statm and Purrto Rico but also to the U.S. Air 
I’orce and Navy to fulfill their special requirements. 

Automatic Picture Transmission ( APT)---Early in 
1968 thr Weather Bureau began thc transmission of 
raw A P T  signals intorspersed with conventional mete- 
orological charts on a central facsimile network. The 
A P l ‘  data arc. acquired hy NESC at Wallops Island, 
Va., the. Weather Bureau at San Francisco, and thc 

Air Force at  Kunia, Hawaii, and are relayed through 
Honolulu to San Francisco by cable. 

Meteorological Support-The Space Operations Sup- 
port Division of the Weather Bureau continued to 
furnish meteorological services to NASA in support 
of the manned spacrflight program, including the fore- 
casting of weather and sea conditions for the APOLLO 
7 and APOLLO 8 flights. This division furnishes a 
continuous weather observing and forecasting service 
in support of activity at Cape Kennedy, supplies spe- 
cializrd forecasts and meteorological support for test 
and development activities at  NASA’s Manned Space- 
craft Center and Mississippi Test Facility, and de- 
velops special studies on weather and climate condi- 
tions affecting both space and aeronautical activities 
of NASA. 

The Environmental Data Service 
The Environmental Data Service, a major sub-unit of 
ESSA, archives satellite data after they have been 
used operationally. Both raw and processed data are 
placed in the archives of the National Weather Rec- 
ords Center (NWRC) ,  which provides retrieval serv- 
ices for research scientists. Since satellite data are used 
most frequently in conjunction with other meteorolog- 
ical data, NWRC serves as a convenient one-stop out- 
let for the users. Government and private-sector 
scientists, universities, and industry can purchase, at  
cost, copies of thr data in film, picture, or  magnetic 
tape form. Data catalogs are published to provide 
customers a means to identify the particular items 
desired. Over 2,800 reels of data were furnished to 
users in 1968. 
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Some Satellites related to ESSA programs 

GEODESY 

Date Name Launch vehicle RemarLa 
- - _  -__---I - -  ----I__--- ~ 

Oct. 31, 1962 Anna IR 'I'hor-Able Star Usrd thrrr independent tneasuring techniques: Doppler frc- 

Jan. 1 1 ,  1964 Secor I 'I'hor-Agcna D Usrs rndio trianpdation and trilatcration. 
Oct. IO, 1964 Beacon-Explorer Scout Conducted rcflrcting-light grodctic measurcments. 

qurnry shift, Hashiq lights, and r,tclio triniipdation. 

XXII 
Mar. 9, 1965 Secor 111 'I'hor-Agrna 1) 
Mar. 11,  I965 Srcor I1 'Thor-Ablr Star 
Apr. 3, 1965 Swor IV Atlas-Agena 1) 
Apr. 29, 1%5 Beacon-Explorer Scout 

Nov. 6, 1965 GEOS-I Explorer Thor-Delta 

June 9, 1966 Sccor VI Atlas-Agena 1) 
June 23, 1966 Page- I 'I'hor-Agrna D 

AUK. 19, 1966 Secor VI1 Atlas-Agena D 
Oct. 5, 1966 Sccor VI11 Atlas-Agena D 
June 29, 1967 Secor IX 'I'hor-Bur ner I I 
Jan. I I ,  I968 GEOS I1  Thor-Delta 

XXVI I 
Aug. 10, 1965 Secor V Scout 

XXIX 

Spacecrafti s a 100-foot-dianietrr balloon used as a photqraphic 
target to make grodetic mrasureinents. 

Aug. 28. 1964 

uly 2, 1965 
eb. 3, 1966 

Feb. 20, 1966 
May 15, 1966 
Oct. 2. 1966 

Drc. 6, 1966 

Jan. 26, 1967 
Apr. 20, 1967 
Nov. 5, 1967 

Nov. IO, 1967 
Aug. 16, 1968 
Dec. 15, 1968 

Tiros I 
Tiros I 1  
Tiros 111 
Tiros IV 
Tirw V 
Tirw VI 
Tiros VI1 
Tiros VI11 

Nimbus I 

Tiros IX 
Tiros X 
ESSA I 

ESSA I1  
Nimbus 11 
KSSA I11 

A'IS- I 

ESSA 1V 
ESSA V 
AI'S-3 

ESSA VI 
ESSA VI1 
ESSA VI11 

Thor Able 
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor-Delta 

Thor-Agena B 

Thor-Delta 
Thor-Delta 
Thor-Delta 

'I'hor-Delta 
l'hor-Agcna B 
Thor-Drlta 

Atlas-Agrna 1) 

T hor-Delt a 
Thor-Del tit 
Atlas-Agrna D 

Thor-Delta 
'I'hor-Delta 
'I'hor-Delta 

First weather satellite providing cloud-cover photography. 

First weather satrllite designed to transmit continuously local 
cloud conditions to ground stations equipped with APT 
receivers. 

Carried Advanced Videcon Camera System, APT, and a high- 
resolution infrared radiometer for night pictures. 

First weather satellite in a Sun-synchronou orbit. . 
First operational weather satellite; carried two wide-angle T V  

Coiriplerncntrd ESSA I with two wide-angle APT cameras. 
camera systems. 

Odd-numbered ESSA spacecraft carry two Advanced Videcon 
Camera Systems. Even-numbrred spacecraft carry two Auto- 
matic Picturc Transmission cainrra systrms. 

Provided continuous black-and-white cloud-cover pictures from 
a synchronous orbit, using a Souini cainera system. 

Provided continuous color cloud-cover pictures from a syn- 
chronous orbit, using three Sourni cainera ayatems. 
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