
NASA TECHsqCAL MEhIORANDUM NASA TM X-58142 
June 1974 

SKYLAB 4 WSUAL OBSERVATIONS PROJECT REPORT 

(NASA-TM-X-58'142) S K Y L A B  Y VISUAL N76-1656, 
OBSERVATIONS P R O J E C T  FEPOaT (NASA)  2Y9 p HC 
$8. !.i; CSCL ? ? A  

U n c l a s  
~ 3 1 4 3  t,aTJ36 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

LYNDON 8. JOHNSON SPACE CENTER 

HOUSTON, TEXAS 7705& 



NASA TM X -58142 

SKYLAB 4 'VISUAL OBSERVATIONS PROJECT REPORT 

Edited by 

J, L. Kaltenbach, W. B. Lenoir, M. C. McEwen, 
R. A. Weitenhagen, and V. R. Wilmarth 

Lyndon B. Johnson Space Center 
Houston, Texas 77058 



t No. 1 2. < Government Accession No. 

3A TM X-58142 1 
dc anrl Subt~tlc 

SKYLAB 4 VISUAL OBSERVATION PROJECT REPORT 

5. Report Dale 
June 1974 

6. Pcrformitig Orpnization a d o  

7. Aulhorlsl 
6 .  L. Kaltenbach, W. B. Lenoir, M, C, McEwen, 
r. A. Weitenhagen, and V. R. Wilmarth, Editors 

-. 
9. Rrfwm~ng Organization Name and Address 

Lyndon B. Johnson Space Center 
Houston, Texas 77058 

Yational Aeronautics and Space Administration 
Xashington; D.C . 20546 

JSC-09053 
8. Performing Organization Report No. 

10, Work Unit No. 

951-16-00-00-72 
11. antract or Grant No. 

- 
2. Svnswing Agency Name and Address 

14. Sponsoring Agency Code I 
13. Type of Report and Period Covcred 

Technical Memorandum 

5. Supplementary Nores 

6, Abstract 

The Skylab 4 Visual Observations Project was undlartaken to determine the ways in  which man 
can contribute to future Earth-orbital observation:~l programs. The premission training con- 
sisted of 17 hours of lectures by scientists representing 16 disciplines and provided the crewmen 
information on observational and photographic procedur,es and the scientific significance of this 
information. During the Skylab 4 mission, more than 850 observations and 2000 photographs 
with the 70-millimeter Hasselblad and 35-millimeter Nikon cameras were obtained fo r  many 
investigative areas .  Preliminary results of the project indicate that man can obtain new and 
unique irlformation to support satellite Earth-survey programs because of his inherent capability 
to make selective observations, to integrate the information, and to record the data by describing 
and photographing the observational sites. 

7. Key Words (Suggested by Author{sl) 

' Astronaut Training ' Earth Resources 
'Astronaut Performance Mormation 
'Project  Planning 
' Mission Operations 
' Photography 

18, Distribution Statement 

9. Smurity Classif. [of this report) 

Unclassified 
20. Security Classif. (of this pas! 1 21. N ~ ~ ; ~ P r g n  1 22. Price 

Unclassified 



The editors wish to express t h e i r  apprecia- 
tion to the many individuals at the NASA Lyndon 
B. Johnson Space Center whc provi3ed immeasur- 
able assistance in t h e  preparation of the t e x t  
and i l l u s t r a t i o n s .  Special thanks go to Cecille 
Hap ie  f o r  her u n t i r i n g  work in e d i t i n g  this 
report. 



Dedicated to 
Colonel Gerald P. C u r ,  Dr. Efiward. G. Gibson, 

and Colonel William R .  Pogue, 
the crewmen of the Skylab 4 mission whose 
accomplishmects made this report possible. 



The purpose of t h i s  Project  Report is t o  provide a descr ip t ion of the 
operations of the  pro3ect m d  an ea r l y ,  quick-look assessment of' t h e  potential,  
results i n  t h e  ind iv idua l  inves t iga t ive  d i s c ip l i ne s .  Par t  A, prepared by 
members of the NASA Lyndon B. Johnson Space Center Visual Observations Project  
Team, describes the  background and p ~ e p a r a t i o n s  f o r  t he  Skylab 4 Visual Obser- 
vations Project ,  the  equipment arid reference mate r ia l s  used by the  crewmen, 
the  operation of t he  p ro jec t  during the mission, and t he  postflight debrief-  
ing~. It i s  intended t o  provide an understanding of t h e  frmework within 
which t h e  project  was car r i ed  out. 

part' B ,  prepared by members of t h e  Skylab 4 Visual Observations Project  
Science Team, i s  based on the mission t r a n s c r i p t s  of the  crewmen's descrip- 
t i o n s  of observations, t h e  pos t f l i gh t  crew debr ief ings ,  and a r e l a t i v e l y  b r i e f  
study of the  first photographs developed (approximately one-third of' t h e  t o t a l  
photographs).  Despite t h e  limited analys is  completed t o  da te ,  it i s  apparent 
that s ign i f i can t  new information has been compiled i n  some d i sc ip l ines  even 
a t  t h i s  ear ly  stage. Some Earth features are b e t t e r  su i t ed  f o r  quick analys is  
o f  t he  Skylab data;  as a consequence, those r epo r t s  can presentamore dramatic 
r e s u l t s  then others a t  this time. 

The Skylab 4 Visual Observations Project Science Report w i l l  be published 
wi th  coZor i l l u s t r a t i a n s  I n  a NASA document i n  the near future, It w i l l  pre- 
sent  t he  deta i led  r e s u l t s  of thorough analyses of t h e  photographs and r e l a t ed  
data and, f o r  some studies, will include the r e s u l t s  of field inves t igat ions .  
Although the assessments contained in t h e  present  documel~t a r e  p re l in inary  , 
they should give an indicakion of what can be expected i n  the Science Report. 
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EAC KGROUND 



1. SUMMARY 

The Visual Observations Pro jec t  ~ e a m ~  

The purpose of t he  Skylab 4 Visual Observations Project  was t o  determine 
t h e  c o ~ t r i b u t i o n s  man can make i n  Earth observations programs of t he  fu tu re .  
Ground-based operations were conuucted by t he  Science Team t h a t  w a s  composed 
of scientists from 16 d i s c ip l i ne s  and by t he  Visual Observations Project  Team 
a t  the  NASA Lyndon B .  Johnson Space Center t h a t  specia l ized i n  mission opera- 
t ions .  To support the pro jec t ,  t h e  Visual Observations Book and t he  general  
map package were prepared t o  provide in-depth background f o r  these  phenomena 
and features i d en t i f i ed  premission as worthy of s c i e n t i r i c  study and capable 
of helping define man's c apab i l i t i e s .  I n  addit ion t o  these  s i t e s  se lec ted  
pref?.ighG, t h e  crewmen were f r e e  (wi thin  a l im i t ed  time l i n e )  t o  make obser- 
vations of features they considered s ign i f i can t .  As a r e s u l t  of crewmen 
i n i t i a t i v e ,  aany unanticipated f indings were made, such as the extent  of 
icebergs i n  the  South At l an t i c ,  t h e  v i s i b i l i t y  of t h e  Falkland Current, the 
ability t o  study ocean surface phenomena i n  sung l in t ,  and t he  a b i l i t y  t o  
monitor snow-melt pa t t e rns .  

Binoculars and cameras were t h e  primary visual  observ,stions instruments 
used on board Skylab 4. Available camera and l en s  combina-Lions included 
wide, medium, and narrow fields of view. More than 2000 photographs were 
taken during t he  8.50 observations. Observations and photographs were made 
over t h e  e n t i r e  range of possible Sun angles (from loca l  twi l igh t  t o  l o c a l  
noon) and viewing angles (from high oblique t o  v e r t i c a l ) .  

High Sun angles (more than 50° from t h e  hor izonta l )  were found t o  be be s t  
for  making color discriminations,  whereas low Sun angles (less than 20' from 
t he  hor izon ta l )  were bes t  f o r  detect ion of topographic relief. In general ,  
viewing near the  nadir  i s  most des i rab le ;  however, oblique views are be s t  
for discerning the reg iona l  framework. Useful v i s u a l  observations were made 
f o r  areas  as f a r  away from t h e  s a t e l l i t e  point  a s  500 kilometers. The 
crewmen could perceive sub t l e  color  differences t h a t  were not detected i n  t h e  
handheld photography pos t f l igh t .  The time ava i lab le  over any s ing le  feature 
(30 t o  $C seconds) permitted e i t h e r  observation and descr ip t ion o r  
photograshing , but both operations could not be f u l l y  performed. 

The use of sungl in t  was found t o  be an extremely productive method f o r  
observing the surface Gexture of t h e  o:>ans and r i v e r s  of the Earth. Many 
ocean current  boundaries were easily observed because of color contrast and 
the presence of plankton blooms. The boundary fea tu res  and t h e  current  r ings 
caused 't?y the confluence of t he  Fa lk land  Current and t h e  Brazil  Current were 

%he members of  t h e  Visual Observations Pro jec t  Team are l i s t e d  i n  
t ab le  4-111 of t h i s  repor t .  



.bserved for more than 3500 kilometers .  Before the mission,  these  f e ~ t u p , ; ~  
ur?re unknown for t h i s  ocean region. I n  a d d i t i o n ,  t h e  id t tn t i f i ca t i .  
,f cold-water eddies i n  major ocean cur ren t s  i s  an important new d a t a  suul-ctr 
for t h e  study of ocean p r o 2 e r t i e s  and the  a i r  and sea e n e r a  exchange. 

I n  t h e  Southern Hemisphere, the crewmen observed t h e  harves t ing  and 
subsequent replant ing  of ca+real  crops, These observations indicate that a 
space-baseri crewman can c lass i f 'y  areas  with bare s o i l ,  bright-green young 
plants ,  mature greeri crops,  and crops being harvested.  Recording t h e s e  
vegetat ional  pa t t e rns  and v a r i a b i l i t y  within croplands can be accomplished 
through a s  much as 75-percent cloud cover. Crop damage was net  d i s c e r n i b l e ,  
but the  ex ten t  of f lood condit ions could r e a d i l y  be resolved.  I n  a reas  of 
sparse vegetat ion (such as arid lands) , t h e  condit ions of t he  f o l i a g e  could 
not  be detected.  In genera l ,  law-contrast ai >as (e. g. , anc ien t ,  arid c i t i e s  
such as Addis Abcba) were much Less d i sce rn ib le  than high-cantract a reas  
(e .g . ,  newer cfties such as D a l l a s ) .  Contrast  is  b e s t  perceived i n  f ea tu res  
near t he  nadir t h a t  are i l luminated  by high Sun angle. 

Geologic observations were made i n  a study of  volcanoes, sand dunes, 
,-T,bal t ec ton ics ,  and t h e  geology of t h e  southwestern United S t a t e s  and 
northwestern Mexico. A prel iminary aza lys i s  of the  sand-dune data ind ica tes  
tha t  man i n  space has t h e  p o t e n t i a l  t o  con t r ibu te  observations on t h e  d i s t r i -  
bution, co lors ,  ~ h a p e s ,  and s izes  of dunes and t h e  r e l a t i o n s h i p  of  t h e  dunes 
t o  topographic f ea tu res ,  winc d i r e c t i o n s ,  and o the r  sand bodies. Information 
on the  rolor var ia t ion ,  d i s t r i b u t i o n ,  and wind condit ions of t h e  dunes i s  
important f o r  preparing dese r t  c l a s s i f i c a t i o n s  and studying t h e  processes t h a t  
contr ibute t o  t h e  formation of deserts. 

This mission at'forded an excel lent  opportunity t o  complete observing and 
photographing s e a  i c e  development i n  t h e  Gulf of S t .  Lawrence. The observa- 
t iona l  data supported by many photographs have provided information on t h e  
rapid variability i n  i c e  f e a t u r e s  i n  very shor t  t ime i n t e r v a l s ,  on the 
morphological change a s  new i c e  fonns and old ice t h i ckens ,  and on t h e  overa l l  
extent  and character  of t h e  i c e  sheet  from beginning t o  maximum coverage. 
This information can be used d i r e c t l y  for ship  roat ing,  relating weather t o  
ice extent, and studying the ther rnodyndcs  of  i c e  a id seawater. 

O f  the many meteorological phenomena described and photographed, those  
unresolvable i n  meteorologicaL s a t e l l i t e  images a re  p a r t i c u l a r l y  important t o  
supplement synoptic images t o  understand such fea tu res  and .LO pred ic t  
meteorological conditions. Deterrainink: cloud dimensions, determining wind 
conditions f o r  e x t r a t r o p i c a l  cyclones, studying t h e  formation of J e t  s t ream 
c i r r u s ,  and studying t h e  effects  of cold a i r  advection over warm wa%er are 
examples i n  which b e t t e r  photographic r e so lu t ion  allows f u r t h e r  ana lys i s .  
h p o r t a n t  observations and photographs made by the  Skylab 4 crewmen have aided 
the  discovery of outward-t i l t ing eyewalls i n  some t r o p i c a l  storms. T h i s  
i n p o e a n t  result r equ i res  new thinking i n  tropical-storm s tud ies .  Ccaputer 
c; his of t ropical  storms must i n c h d e  the p o s s i b i l i t y  of s loping eyewalls ; 
Fresently, they do not. 



Photographs and observat ional  data of manmade and n a t u r a l  atmospheric 
pol lu t ion ind ica te  thzt abservatioris cf such features from space can be useful. 
Descr ip t ions  and photographs of many d i f f e r e n t  sources of atmospheric contam- 
i na t ion  were made that permit pos t f l igh t  a n a l y s i s  of t he  s i z e ,  shape, ex ten t ,  
and tex tura l  variations of the p o l l u t c a t .  as well as wind condi t ions .  As a 
result. of further d e t a i l e d  analyses,  so-irce f e a t u r e s ,  atmospheric condi t ions ,  
d i f f u s i o n ,  and o ther  parameters  poss ib ly  can be related t o  the  occurrence and 
d i s t r i b u t i o n  of the p o l l u t a n t s .  

The major l i m i t a t i o n s  on the results of this project were the extrer~ely 
tight crew time l i n e  mid the  lack of preflight t r a i n i n g  i n  rapid site 
r ecogn i t i on  and observation,  

Recommendations were made by the Science Team members and the  crewmen 
concerning more comprehensive mission planning and crew training, Suggestions 
related t o  the onboard equipment vere a l s o  of fe red  by the  crewmen and the 
Science Team. 



2, PROJECT O R I G I N  

The Visual  Observations Project  ~ e a m &  

Ldta acquired from manned and unmanned s a k e l l i t e s  have been used to per- 
form s c i e n t i f i c  s tud ies  of the oceanographic, atmospheric, and terrestrial 
phenomena of the Earth. The Earth resourcns eqerirnent package (EREP) 
expanded these  s tud ies  through t h e  col lect ion u: new and unique in fomat ion  
from multispectral sensors with increased apa1,ial and spectral resolut ion 
capabi l i ty .  Skylab a l s o  provided an opporturiity t3 add another dimension i n  
data acquisition; t h e  s k i l l s  of t he  crewmen were used t o  identify, descr ibe ,  
i n t e rp re t ,  and photograph m m y  features and processes pertinent t o  Earth 
investigations. 

To op5imize t h e  collection of s c i e n t i f i c  data during the 84-day Skylab 4 
mission, a Visual Observations Project GRS e~tabi+.;h.ed as part of t h e  Skylab 
experimental program. The primary objec+ives of C h i s  project  were as follows: 

1. To determine c r e w ? n 1 s  capabilities i n  the visua l  I d e n t i f i c a t i o n  of 
various types of surface ,  3 r, ar18 water phenamc~!a of the Earth t h a t  may be 
observed from the Skylab ~ r b i t .  

2. To determine what visual  observations, supplemented by photography, 
can accomplish i n  the  support of scientific invest igat ions .  

3. To explore possible sources of da t a  and t o  apply the f ind ings  t o  a 
number of d i sc ip l ines .  

4. To determine the  type of crew training program necessary t o  perforn  
the  visual observations desired by t h ~  s c i e n t i f i c  invest igators ,  

During the Mercury and ~ e m i n i  missions, 70-millimeter IIasselblad caneras 
with color ex t e r i o r  film were available t o  the crewmen for t ak ing  handheld 
photrqraphs of the  Earth surface (experiment 5005). As part of the  premission 
training, the crewmen received general briefings on the  types of fea tu res  and 
phenomena ox" s c i e n t i f i c  interest. The crewmen used t h e i r  judgment i n  selecting 
additional sreas to ere to graph. 3uring the Mercury and Gemini missions, most 
scientists uerc not aware of t h e  value of space photography i n  the stutiy of 
Earth environments . 

Referring t o  Gemini photographs, Lowman ( r e f s .  2-1 and 2-2) discussed the 
advantages of space photography i n  t h e  analysis of complex geologic areas  such 

%he members of the  Visual Observations Project  Team are l i s ted  in 
table 4-111 of this repor t .  



as New Mexico, Baja Ca l i fo rn ia ,  and t h e  n~i-thwest  Sahara Desert region of 
Afr ica .  

The prime objective of the Apollo Program was lmar explora t ion ,  although 
the Ear th-nrbi ta l  por t ions  of these  missions, p a r t i c u l a r l y  the  e n t i r e l y  
Earth-oxlbitnl Apollo 7' and 9 flights, provided an o p p o r t u i ~ ~ t y  So ob ta in  
handheld photographs of t h e  Earth. The Apollo 7 crewmembers rcceived b r i e f  
premission t r a i r i ing  and, as t h e  crewmen d i d  on previous ~ n i s s i o l s ,  used t h e i r  
own judgment i n  se lec t ing  areas and f ea tu res  tc be photographed, The Apollo 9 
mission was t h e  f i r s t  i n  which t h e  photographic s i t e s  were selected during 
the mission by a t e a n  of s c i e n t i s t s  ( r e f .  2-3) as p a ~ t  of  t h e  5065 
multispect ral  photography experiment. 

The Skylab Program, c o r ~ s i s t l n g  of three manned missions ( table  2-I!, 
provided the  opp:jrtunity t o  acquire soph i s t i ca ted  Earth resources izformation 
with t h e  EREP miprowave, i n f r a r e d ,  and opt+ c a l  sensors.  Operation of EREP was 
l i m i t e d  t o  certain predetermined groundtracks because of the  spacecraf t  
maneuvering and a t t i t ude  cons t ra in t s .  

TABLE 2-1.- SKYLAB PROGRAM 

a 
Skylab workshop launched, The worki*i,op operated 

unmanned between manned missions. 

Misston 
no. 

r 

a 
1 

2 

3 

Crewmen 

Unmanned 

Conrad 
Kerwin 
Weitz 

Re an 
Garriot  t 
Lousma 

Carr 
Gibson 
rogue 

Lift-off  
date 

Mqy 14, l973 

May 25, 1973 

July  28, 1973 

Nov. 16,  1973 

Splashdown date 

-- 

June 22, 1973 

Sept. 25, 1973 

Feb. 8, 1974 

Days i n  
space 

2 8 

59 

84 

I 



Tb- Skylab 2 crewn~en reccil:ed prcrnission b r i e f i n g s  on t h e  geologic, 
meteorolagic, and dim-light f ea tu res  and on short-lived-event phenomena. The 
i.nboasd d a t a  package consis ted  of an a t las  t h a t  p ic tu red  geologic features, 
geographic areas, and environmental subdects and of  photographs of  cloud 
formations that i l l u s t r a t e d  atmospheric phenomena fo r  which space photographs 
would be valuable. The crewmen used t hese  guides i n  obtaining s c i e n t i f i c a l l y  
u s e f u l  handheld photographs and observations of Earth Teatures. 

The Skylab 3 crewmembers received similar premission br ie f ings  on 
environmental and Earth science; however, a handbook i l l u s t r a t i n g  the s p e c i f i c  
types of s c i e n t i f i c  observations and photograghs t o  be obtained fo r  tornadoes, 
volcanoes, hurr icanes ,  ocean upwellings and c i r c u l a t i o n  p a t t e r n s ,  air 
contamination, and vegeta t ion  pa t t e rns  was prepared for t he  crewmen t o  review 
before l i f t - o f f .  The onboard data package c - m i s t e d  of t h e  same a t l a s  used by 
the Skylab 2 crewmembers and a world map package. 

Midway through the  Skylab 3 mission, t h e  crewmen requested add i t iona l  work 
i n  their t ime line and, i n  response t o  t h i s  reques t ,  t h e  d e t a i l e d  ins t ruc t ions  
f o r  observing and photographing 58 specific s i t e s  were provided. Based on 
t h i s  information and t h a t  contained i n  the  onhoasd data pack-ige, observational  
da ta  for 35 s i t e s  and a t o t a l  of 1292 photographs of various Earth fea tu res  
were obtained. The crewmen reported ciiff iculty both i n  loca t ing  many of t h e  
sites with the onboard maps and a e r i a l  photographs and i n  performing the 
desired visual observations for most sites, 

On the b a s i s  of the Skylab 3 experienre,  a Visuu- Observations Projec t  w a s  
planned f o r  t h e  Skylab 4 mission t o  d e t e m i n n  what photographic and observa- 
, t ional  da"c c o U d  he acquired by t h e  crewmen when supported by mul t id i sc ip l i -  
nary s c i e n t i f i c  t r a i n i n g  be fo re  lift-off and by a comprehensive set of 
procedures, m ~ p s  , and photographs oilboard. 



2-1. Lowman, Paul D. ,  Jr.: Geologic Orbital Photography: Experience From 
the Gemin i  Program. Photogrummetria, vol. 24, 1969, pp 77-106. 

2-2. Lowman, Paul D. , Jr, ; and Tiedemann , Herbert A.  : Terrain Photography 
From Gemini Spacecraft: Final Geologic Report. Goddard Space Fl igh t  
Center, Jan. 1971. 

2-3. Lowman, Paul. D., Jr.: Apollo 9 ,  Multispectral Photography: Geologic 
Analysis. Goddard Space Fl i g h t  Center, Sept  . 1969, 



3. PREMISS ION PREPARATIONS 

'he Visual  Observations Project  em" 

A Visual  Observations Projec t  Science Team, which consis ted  of 
19 s c i e n t i s t s  represent ing  16 d i s c i p l i n e s ,  was assembled t o  b r i e f  t h e  crewmen 
on t h e  scope and purpose of se lec ted  s c i e n t i f i c  inyes t iga t ions  and on t h e  
types of observational  data and handheld photographs requi red  t o  support and 
extend these  s tud ies  (cable  3-1). The crew received 17 hours of t r a i n i n g  
according t o  t h e  schedule l i s t e d  i n  t a b l e  3-11. Because the Visual Observa- 
tions Projec t  began l a t e  i n  t h e  Skylab 4 crew t r a i n i n g  program, only 1 hour 
of b r i e f ing  could be provided f o r  each major sub jec t .  From discussions with 
t h e  Science Team, t h e  crewmen gained i n s i g h t  i n t o  the significance of 
observational  da ta  and awareness of t h e  type of photographs t o  be obtained 
f o r  s p e c i f i c  s tud ies .  

FLIGHT DATA FILE 

The f l ight  data P i l e  cons is ted  of t h e  Visual Observa-tiions Book, t h e  
general map package, and t h e  Earth o r b i t a l  s l i d e r  map. The goal  of t h e  Flight 
Planning Branth i n  preparing the  f i l e  w a s  t o  make it a s  informative and 
prec ise  ye t  as compact and usefuL as possible. The f l i g h t  d a t a  f i l ~  met t h e  
 specification^ given i n  t a b l e  3-111. 

V i s y l  Observations Book 

The Visual  Observations Book was t h e  primary onboard data source. Pre- 
pared by t h e  Flight Planning Branch at t h e  NASA Lyndon 3. Johnson Space 
Center (JSC) , with s p e c i a l  a s s i s t ance  from t h e  Science Team, it was published 
on October- 26, 1973. Although it was not ava i l ab le  during t h e  t r a i n i n g  
phask, t he  V i s u a l  Observations Book would have been an extremely valuable 
b r i e f i n g  a i d .  One week before t h e  scheduled launch of Skylab 4 ,  t h e  book was 
reviewed during a f i n a l  crew t r a i n i n g  sess ion  held with  the Science Team on 
c losed-c i rcui t  t e l ev i s ion .  Procedures were c l a r i f i e d ,  e r r o r s  were cor rec ted ,  
and severa l  observation s i t e s  were added a t  t h a t  t ime.  

a 
The members of the Visual Obsemakions Pro jec t  Team a r e  listed i n  

t a b l e  4-111 of t h i s  r e p o r t .  



TABLE 3-1.- VISUAL OBSERVATIOIS PROJECT SCIENCE TEAM 

Pr inc ipa l  Inves t iga tor  
. . - . -. - . . - - - . - - 

William E. Shenk 

Peter  C. Black 

Robert E.  Stevenson 

George A. Maul 

William J. Campbell 

Darryl Randerson 

James C .  Barnes 

David M. Carneggie 

Norman H. MacLeod 

Robert K. Holz 

Will iam Muehlberger 

0. 
A. T. Joyce 

Murray ~ e l s h e r ~  

AT f i l i a t i o n  

NASA Coddard Space f l i g h t  Center 
Greenbelt, Hd. 

National Oceanic and Atmospheric Administration (NOAPI) , 
National Hurricane Research Laboratory 

Coral Gables, Fla. 

Office of Neval R-search, Scripps I n s t i t u t e  of  Oceanography 
La Jo l l a ,  C a l i f .  

NDAA, Environmental Research Laboratory 
Miami, Fle.  

U.S. Geological Survey 
Tacbma, Wash. 

NOAA, A i r  Resources Laborator3 
Lns Vegas, Aev. 

Environmental Research and Technology, Inc. 
Lexington. Mass. 

University of  Ca l i fo rn ia  
Berkeley, Cal if .  

American Universi ty  
Washington, D.C. 

University of  Texas 
Austin, Tex. 

Universi ty  of Texas 
Austin, Tex. 

I A S A  Earth Resources Laboratory 
Bay St .  Louis, Nss. 

Office of Technical Analysis, Environmental Pro+.ection Agency 
Washington, D. C. 

Met e o r o l o ~  

Oceanography 

~ceanograp!~y/currents 

Sea ead lake ice 

A i r  contamination 

Snow 

Vegetational p a t t e r n s  

Arid land pa t te rns  

Lmd use p a t t c n s  

Global t e c t o n i c s  

Cultural p~t terns  

Water pol lu t ion  

&Provided crewmen b r i e f i n g s  only. 



TABLE 3-1.- VISUAL OBSEflvAIPIONS PROJFZT SCIEllCE TEAM - Concluded 

Principal Investigator 

Jules D. Friedman 

Grant Heiken 

Leon T. S i l v e r  

Richard H. Jahns 

Eduin D. McKee 

Carol S. Breed 

Davia E. P i t t s  

J. T .  Lee 

Affiliation 

U.S. Gealogical Survey 
Denver, Colo. 

NASA Lyndon 8 .  Johnson Space Center (357) 
Houston, T e x .  

California I n s t i t u t e  of Technology 
Pasadena, C a l i f .  

Stanford University 
Stanford, Calif. 

U.S. Geological Survey 
Denver, Colo. 

U.S . Geolo&ical Survey 
Flagstaff,  Ariz . 
3SC 
Houston, Tex .  

IiDM 
Univereitf ef Oklahoma 

Discipline/applic~tion 

Volcanoes 

Volcanoes 

Continental sh ie ld  
areas 

Environmental geology 

Deserts 

Deserts 

Severe storns 

Severe stoncs 



TABIE 3-11.- SCIENCE TEAM LECTURE SCHEDULF: 

FOR SKYLAB 4 CEENlEN 

Lecture 
no. 

I 

2 

3 

4 

5 

6 

7 

8 

Date, 1973 

Aug.  13 

Aug. 17 

Sept. 15 

Lecturer 

William E. Shenk 

Robert E. Stevenson 

Peter G. Black 

David Pitts 

J .  T. Lee 

George Maul 

W i l l i a m  3. Campbell 

James C. Barnes 

Jules D . Friedman 

Time 

1:30 p.m. 

2:30 p.m. 

1:30 p,m. 

4:30 p .m.  

8 a.m. 

9 a.m. 

10 a.m. 

U a.m. 

r 

Topic 

Atmosphere 

Oceans : circu- 
l a t ion  and 
sediment ation 
patterns 

~urricanes/typhoons 

Severe storms 

Deep ocean 
currents, 
upwelling, and 
chlorophyll bloom 

Sea ice and 
associated 
phenomena 

Snow pat terns  

Volcanoes : eruption 
features asld asso- 
ci at e d phenomena 



TABLE 3-11.- SCIENCE TEAM LECTURE SCHEDUm 

FOR SKYLAB h CREWMEN - Concluded 

Lecture 
no. 

9 

10 

ll 

22 

13 

14 

15  

16 

17 

I 

Crl 
I 

V1 

Topic 

Aria land patterns 

Cultural patterns 

Vegetational 
patterns 

Regional re la t ion-  
ships of land use 
pa t t e rns  . 

A i r  po l lu t ion  
pa t t e rns  

Water pol lu t ion  

Environmental 
geology, ore 
deposits ,  dese r t s  

Global t ec ton ics  

Continental shield 
areas 

Date, 1973 

Sept. 22 

Sept.  29 

Oct. 8 

Lecturer 

Norman H. MacLeoa 

A. T. Joyce 

David M. Carneggie 

Robert K. Holz 

Darryl Randerson 

Murray Felsher 

Richard H. Jahns 

W i l l i a m  Muehlberger 

Leon T. Silver 

T i m e  

8 a.m. 

9 a.m.' 

10 a.m. 

11 a.m. 

8 a.m.  

9 a.m. 

8 a.m. 

9 a.m. 

10 a.m. 



TABLE 3-111 .- FLIGHT DATA FILE SPECIFICATIONS 

a ~ o i n t  Committee on Printing. 

b ~ r o n a r  engineering negative. 

Material  

J C P ~  K-10 ( t e x t )  ; 
Kodak RC-37 
( photographs ) 

-- 

Kodak RC-37 

JCP E-20 (map) ; 
a r t i s t  i l lus t ra -  
Lion board ( r e -  
inforcement) ; 

b ~ ~ - 7  (trans- 
parency ) 

Total 
weight, kg 

2.25 

-- 

1.40 

-53 

Item 

Visual Obsexvat i ons  
Book 

General map package 

Earth orbital 
slider map 

Dimenstons, cm 

20.3 by 25.h 
( paper 

21.6 by 26.7 
( cover) 

43.2 by 55 -9 

47.9 by 49.5 



Inform~tion, , i in t h e  Visual Observations Buok was divided i n t o  t h e  
following majoy'bections: atmosphere, t r o p i c a l  storms, snow mapping, ocean 
featues  , sjd;r'and lake i c e ,  volcanoes, d e s e r t ,  Afr ican  drought, c u l t u r a l  
p a t t e r n s  ,,,,@?ology, vegetat ion p a t t e r n s ,  water c o n t m i ~ a n t s  , air contaminants, 
and dim#light photcgrnpkly. A genera l  discussion was included i n  each s e c t i o n  
t o  pcavide the crewn~en with a b r i e f  background of t h e  subgect ,  an explanation 
3+'f"eatures and processes ,  and t h e  s c i e n t i f i c  ob jec t ive  of t h e  observation.  -- The s p e c i f i c  s i t e s  i n  each of t h e  14 sec t ions  were i d e n t i f i e d  a s  handheld (HH) 
and numbered ( t a b l e  3-IV). ( m e  observat ional  and photographic s i t e s  a r e  
shown by inves t iga t ive  areas i n  f i g u r e  3-1). When add i t iona l  s i t e s  and 
phefiomena were i d e n t i f i e d  during the  mission,  t h e  crewmembers received in fo r -  
mation ( s c i e n t i f i c  ob jec t ives ,  descr ip t ions  of the site o r  +.he fea tu re ,  and 
photographic procedures) on t h e  t e l e p r i n t e r .  An example of the  information 
prcvided %or the  crewmen on t h e  ndd i t i cna l  s i t e s  i s  shown i n  f igure  3-2. 

To f a c i l i t a t e  use  of the book, %he d a t a  for  each s i t e  were arranged i n  
t h e  following sequence: desc r ip t ion ,  l o c a t i o n ,  procedure, objective, and 
camera da ta  (fig. 3-3) .  When ava i l ab le ,  photographs and dravirigs were used 
t o  shos. the  area of i n t e r e s t  o r  t o  give an example of t h e  type of f e a t u r e  t o  
be s tud ied .  The photographs t h a t  were included were obtained from t h e  Gemini 
and Apolla Programs, tila Bl~ylzl; 2 and 3 missions, the  Earth Resources 
Technology S a t e l l i t e  (ERTS) mul t i spec t ra l  scanner,  and various a i r c r a f t  
flights, Photographic support f o r  the  Visual  Observations Book w a s  provided 
by t h e  Defense Mapping Agency ( ~ e r o s p a c e  c e n t e r )  i n  S t ,  Louis , Missouri. Each 
s e c t i o n  of the  book was tabbed along t h e  t o p  and each s i t e  was tabbed along 
t h e  right edge, Th i s  method enabled the  crewmen t o  use the  s i t e  tabs f o r  
scheduled s i t e s  and t h e  sec t ion  t a b s  when p a r t i c u l a r  phenomena were observed 

t l as s i t e s  of opportunity."  

The photographs i n  the  Visual Observations Book were dry mounted back t o  
back whenever p r a c t i c a l  s o  t h a t  the s i t e  desc r ip t ions  and  procedure^ faced 
the  photographic examples. Three service  support  cont rac tors  requi red  
approximately 100 man-hours t o  complete the f a b r i c a t i o n .  

General Map Package 

The general map package consis ted  or' 17 geographical maps, a world 
coverage index map, world physiography maps, a seismology map, and a world 
natural-vegetati .on map. The maps were cut  and bound with r ings  f o r  launch 
s t  owage. 

The 1:10 ,OC0,000-scale geographical. maps were photoreduced from the 
1 : 5,000,000-scale g lobal  navigat ion charts produced by t h e  Cefense Mapping 
Agency for  general  a i r c r a f t  use. The index map was photoreduced from t h e  
Skylab Earth . o r b i t a l  chart and showed t h e  coverage of  each of t h e  geographical. 
maps. The world physiography and na tu ra l  v e g e t a t i o ~  maps were photocopied 
from the 1971 e d i t i o n  of "The Times Atlas of t he  ~ o r l d . "  

The loca t ions  of t h e  s i t e s  i n  the  Visual  Observations Book, w i t h  the  
excepkion of atmospheric and oceanographic phenomena, were shown on t h e  



TABLE 3-3V. - ?rl;?LrPI, 3RSERVATIONS SITES 

I s i t e  no. I Description 

I Atmosphere 

I BQnard cells in t rade wind cumulus 

I Effects  of islands on wind cu r ren t s  

I Orographic influences on convection over mountains 

I Mountain %ves (rotor clouds) 

I Convec5iion i n  cold ai r  passing over warm water 

1 J e t  strsam c i r ru s  

Strong j e t  stream formation 

Squalls in t h e  lee of a large lake 

I K b 2 ~ a t k  vort ices  

Cumulonimbus buildup i n  i n t e r t r o p i c a l  convergence zcne 

Tropical storms 

Prestorm squal l  Line 

Cloud-free moat 

Cirrus streaks and waves 

Overshooting cloud tops 

Circular exhaust  cloud 

Fine-scale eye structure 

Feeder band 

&sites added to the Skylab 4 Visual Observations Book during the  
miss ion. 



T A B U  3-1V.- VISUAL GaSERVATIONS SITES - Continued 

7 pa t te rns  in Great P la ins  of U.S .  I 
S i t e  no. 

Mount Rainier  and Mount Adams 

Snow patterns in mountain areas of U.S. 

Salt-Verde wakershed 

Description 

~ ~ 2 4  I Kings River Basin 

Snow mapping 

I Ocean features I 
Current  boundaries 

Current  flow, southern Chile  

Ocean w a t e r  t ransparency and coloration 

Upwelling water 3nd plankton blooms 

Cizrrent eddies 

Cold eddies i n  warm water 

Island wakes end vortices 

Turbulent wak& behind Pacific is lands 

Seamounts and shoals 

Internal  waves 

Coas,tal sediment plumes 

River deltas 

Lake circulat ion 

a Sites added t o  t he  Skylab 4 Visual Observations Book ciuri'lg the 
mission. 



TABU3 3-1V.- VISUAL OBSERVATIO!IS SITES - Continued 

Hli47 I Ice plumes and pack i c e  formation 

Site no. Description ..- 

~ ~ 4 8  

HH49 

I HK59 I Galapagos Island - volcanic activity I 

Sea and lake ice  

Ice floes 

Sea ice pressure  ridges - '. 

HH 57 

~1158 

I I3360 I Mar Triangle m d  rift system of Eastern  Africa 

~ ~ 4 5  

~ ~ 4 6  

Haweii shield volcanoes 

Mourtt Lassen volcanic dm@ 

I 
Deserts 

I 

Sea i c e  (~ulf of S t .  ~awrence) 

Lake i c e  ( ~ a k e  ~ntario) 

Volcanoes 
*- 

I I Dune field OL the  southern shore of Bagrash Lake in 
China 

Em55 

JBI 56 

/ HH6L ( Dues of t h e  e a s t e r n  T a k l a  Makan Desert i n  China 

Volcanic eruption clouds 

Sierra Madre Occidental v o l c m i c  field 

I Star dune chains  i n  Alger ia  I 

~ ~ 6 7  

~ ~ 6 8  

HH70 Reticulate dune f i e l d  in nor theas tern  Algeria I 

Disrupted dunes in southern Takla  Makan Desert in China 

Individual  s t a r  dunes of nor theas tern  Algeria 



TABLE 3-IV.- VISUAL OI3SERVATIO:IS SITES - Continued 

.. 
S i t e  no. Descr ip t ion  

m71. 

XI72 

m73 

HH74 

I3374 
I 

HH76 

m77 

m78 

M79 

rn 80 

~ ~ 8 1  

HH82 

HH 83 

~ ~ 8 4  

Leserts - Concluded -- 
Dune ridges i n  '.dali 

Dunes i n  t h e  so~ the r i l  Peski  Kara Kum reg ion  of t h e  
U.S.S .R.  

Dunes i n  t h e  nor thern  Peski Kus Kum reg ion  of t h e  
U . S . S . R .  

Dunes in the Peski  Kyzl Kum region of t h e  U.S.S.R. 

Dunes of t h e  Gobi B s e r t  i n  northern China 

Dunes of the e a s t e r n  Gobi Desert  

Disrupted dunes of t h e  1iamj.b Deser t  i n  South West 
Africa 

Dunes of the northern Namib Deser t  ia South West 
Africa 

Dunes of '~ama Land i n  South West Africa 

S t a r  dunes of  the soather3 Eknp'cy Quarter i n  Saudi 
Arabia 

Dune v a r i e t i e s  i n  the Empty Quarter i n  Saudi Arabia 

Kalahar i  Desert; i n  southwestern Afr5ca 

Guaj i ra  Peninsula  i n  Colombia 

Bedrock structures in the Sahara D e s e r t  

Afr i can  drought 
" 

H.90 

mgl 

In land  d e l t a  of t h e  Niger River 

S o i l  e ros ion  i n  Mali and Niger 
i 



TmLE 3-TV . -- VISUAL OBSERVATIONS SITES - Continued 

a 
S i t e s  added t o  the Skylab 4 Visual Observations Book during 

the mission. 

- 
S i t e  no. Description 

.'lfrican drought - Concluded 

HHY 2 

HH93 

lEr3 4 

Interdunal vegetation 

Saharan massifs drainwe systems 

Black Volta and White Volta River Basin 

Cultural pa t te rns  

H H l O O  

HHlOl 

~ ~ 1 0 2  

%lo3 

Ozark Plateau and Ouachita province 

Metropolitan development pa t t e rns  

Pla in  of Nazca i n  Peru 

Nepal 

Geology 

HHlO 5 

mi106 

1~x07 

m108 

HHlOg 

HHIlO 

HHll l  

IM112 

HW113 

~H114 
* 

Phil ippine Fault i n  t h e  circum-Pacific fault zone 

Atacama Fault i n  t h e  circum-Pacific fault zone 

Alpine Fault i n  t h e  circum-Pacific fault zone 

San Andreas Fault i n  the circurc-PacLic ft--1-k zone 

Fault zones i n  Cenkral America 

Afar Triangle and r i f t  syskern of eastern Africa 

Northern B a j  a California, Nexico 

Sierra Mazatan , Sonora, Mexico 

Northwestzrn Sonoran m a s t  fault zones 

S l e r r a  d e l  Alamo 



TABLE 3-IV.- trlSGAL OBSERVATIONS SITES - Continued 

a ~ i t e s  added to the Skylah 4 Visual Observations Book dur ing  
the miss ion .  

I 

S i t e  no. Description 

Iff1115 

1-1~116 

HH117 

milla 

HHllg 

%119~ 

HH120 

~ ~ 1 2 1  

HH122 

HH123 

HE124 

' ~ ~ 1 2 4 ~  

%124~ 

HH125 

~ ~ 1 2 6  

Geolagy - Concluded 

Mexi can earthquake areas 

Alice Springs, Australia 

B i g  Horn Mountains of liyoming 

Southern Chi le  and Argent ina 

Other major fault zones 

Onshore extens ion  of Romanche fracture zone 

Germany-It aly reg ion  

Spain 

Channzled Scablands of Washington 

Colorado and Guadalupe River  Basins 

B o l i v i a  

P i k e l o t  Island. 

Ascension Island 

Southeastern Arizona 

C e n t r a l  Arizona l i n e a r  features 

Vegetational patterns 

~ ~ 1 4 0  

~ ~ 1 4 6  

~ ~ 1 4 7  

P a t t e r n s  i n  wheat produc.tion 

Rangeland p a t t e r n s  

Forest fires and range fires 



TABLE: 3-1V.- VISUAL OBSEXVATIONS SITES - Concluded 

'sites added to the Skylab 4 Visual Observations Book during the 
mission. 

Site no. Descript ion 

Vegetational patterns - Concluded 

~ ~ 1 4 8  

~ ~ 1 4 9  

HI3150 

HHL5l 

HI3152 

HU153 

%154~ 

%154~ 

% ~ ~ L C C  

t 

Fire scars from 1973 forest f i r e s  

Insect and disease in fes ta t ion  

El Sudd Swamp in southern Suaan 

Okavango Swamp in northern Botswana 

Land use patierns i n  Malaysia 

Northern Australia drought 

Asian wetlands 

Thailand resources 

Florida green swarnp 

Water cont ~~minant  s 

HH155 

HHL 56 

Urban area w a t e r  contaminants 

Oil sl icks 

~ i r '  contaminants 

~ ~ 1 6 3  

HI1164 

~ ~ 1 6 5  

Smoke plumes and smog 

Jet and ship c o n t r ~ i l s  

 sts storms 

Dim-light photography 

%171 , Low-light photography -- 



ATMOSFHERlC - r .  . 
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OCEAN FEATURES -- P 
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--I. I 
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( a )  Western hemisphere. 

Figure 3-1.- Skylab visual observations sites (by investigative area). 



(b ) Eastern hemisphere. 

F i g u r e  3-1.- Concluded. 



DAY 3 YR 
TELEPRINTER LOAD THSLE 6 

73 
GMT 343:82:49:33 - 

LOfiD NO. $501 MSG NO NSG T ITLE  LGTH O R I G f C O D E  
TOT6L LINES 3 6  2 4 5 7 A C  CL-SITE ADD 36 RAH/CGS4 
SITES HSK/ 
L O A D  A T  S I T E  YES 

F i g u r e  3-2.- Example of t h e  format used for new observation site infomat ion 
uplinked to t h e  flightcrew durigg the mission. 

T W E  THE FOLLOWING NEW S I T E  TO 
TH€ BACK OF THE NEW PAGE CRE-.  
ATED BY S I T E  HHIS9A/HHl548.  
~ ~ 3 X W H Z ~ ~ j O i 3 5 H H r t H P I Q f  ItBHHaNalHaai 
S R k I i S % C  F L O R I D A  GREEN SWAMP * 
i * 
DESCRIPTION: IMPORTANT TO a 
%FLORIDA WhTER RESOURCES. m-rr 
aC;I(IACHMENT OF MfiN IN FtREA MfiV 
m r H P A I R  ECOSYSTEM. BETTER DE-H 
S F I N I T I O b I  O F  LAND USE AND a 
P][W~AIMGE SYSTEM IS NEEDED. * 
a a 
L O C A T I O N :  CENTRAL F L O R I D A  CEN- 
NTERED ARUUND (28.5 .8 i .5W) a 
i 

PR~cEDURE:  * 
s 1 , p ~ u T O  SWAMP T O  IDENTIFY THE 

D I S T R I B U T I O N  O F  SURFACE 
WATER AND V E G E T A T I O N *  * , X I  

r2. DESCRIBE D R A I N A G E  SYSfEM, 2 1 
AREAS OF M A N ' S  ENCROCICHMENT, '221 

a AND V A R I A T I O N S  IN v E G E T A T ~  CFJ 123 

01 
02 
03 
Or) 
05 
06 
0 7  
08 
09 
10 
i i  
1 2  
13 
1 C  
15 
16 
i t  
18 
19 

OBJECTIVE: TO STUDY THE EFFECT 
NOF MfiN ON VEGETATION AND f 
#DRAINAGE PATTERNS IN SW&?qp. i * 
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DESCRIPTION: W h e a t  i s  o n e  o f  t h e  m a j o r  c e r e a l  c r o p s  o f  t h e  
w o r l d  a n d  i l l u s t r a t e s  t y p l c a l  f a r m i n g  v e g e t a t i o n  p a t t e r n s .  
The m a j o r  m h e a t  g r ~ w i n g  r e g i o n s  a r e  shcmn i n  E x .  11-1. ,L-4 
r i l l  be  a b l e  t o  o b s e r v e  u h c a t  i n  e v e r y  p h a s e  o f  i t s  d e v e l o p -  
m e n t a l  c y c l e .  W i n t e r  m h e a t  p r o d u c t i o n  i n  t h e  n o r t h e r n  h e m i -  
s h e r e  ( U . S .  a n d  R u s s i a )  t u i l  l be  i n  s t a g e s  o f  planting, 
g e r m i n a t i o n ,  a n d  e a r l y  g r o u t h .  I t s  y i e l d  d e p e n d s  on snow 
c o v e r  t o  p r e v e n t  l o s s  due  t o  f r e e z i n g .  I n  t h e  s o u t h e r n  
h e m i s p h e r e   heat will b e  i n  v a r i o u s  s t a t e s  o f  m a t u r l t y  
r a n g l n g  f r o m  the h a r v e s t i n g  ( y e l l o w )  n e a r  t h e  e q u a t o r  t o  t h e  
g r o w i n g  p l a n t s  ( y e t l o u  t o  g r e e n ) ,  a t  t h e  h l g h e r  l a t i t u d e s .  

LOCRTION: T h e r e  a r e  f i v e  m a j o r  w i n t e r  mheat  a r e z s  o f  t h e  w o r l d :  

P . 1  ( 1 )  S o u t h  D a k o t a  - c e n t e r e d  a r o u n d  45 OOON, 100 OO'W 

P . l  ( 2 )  E. m o n t a n a  - c e n t e r e d  a r o u n d  47  OO'N, 105 O O t W  

P . 1  ( 3 )  K a n s a s  - c e n t e r e d  a r o u n d  38 O O ' N ,  100 O O t W  

P.3 (4) A r g e n t i n a  - c e n t e r e d  a r o u n d  25 00'5, 60 O O t W  

P.13  ( 5 )  A u s t r a l i a  - c e n t e r e d  a r o u n d  32 00'5, 145 OOJE 

PROCEDURE: 

1. P h o t o g r a p h  t h e  w i n t e r  w h e a t  a r e a  t o  r e c c r d  snow c o v e r  
p a t t e r n s  and. g r o w t h  c y c l e s .  

2. D e s c r i b e  t h e  c c l c r  p a t t e r n s  i n  t h e  a r e a  a n d  a n y  c h a n g e s  
t h a t  o c c u r  d u r i n g  t h e  m i s s i o n ,  p a r t i c u f a r  a n y  s m a l l  s c a l e  
c o l o r  a n c r n a l i e s  t h a t  m a y  i n d i c a t e  stressed c r n d i t i c n s .  

OBJECTION: 

T o  d e t e r m i n e  t h e  u s e f u l n e s s  o f  s p a c e  c b s e r v a t i o n s  i n  t h e  s t u d y  
o f  c r o p  c c n d i t i c n s .  

CRNERR DATA: 

U s e  H a s s e l b l a d / l O O r n m  c r  N i k o n / 5 5 m m .  C c I c r  I R  f l l m  i s  d e s i r e d  
i f  a v a l l a b J e .  U s e  a p e r t u r e  s e t t i n g  f c r  GENERAL o r  VEGETATIGN, 
d e p e n d i n g  c c l c r a t i o n .  

Figure 3-3.- Example of the format used for handheld si tes in the actual 
Visual Observations Book. 

REPRODUCBILI~ OF THE 
ORIGmAL PAGE IS POOR 



geographical maps. To a i d  i n  quick i d e n t i f i c a t i o n  of a s p e c i f i c  s i t e  on t h e  
map, the map page number was l i s t e d  opposi te  t h e  s i t e  loca t ion  in t h e  book. 

The pages of the  onboard general  map package were d ry  mounted back t o  
back t o  conserve space and t o  f a c i l i t c t e  l imd l ing .  To ensure good bonding, 
t he  photographic paper was roughened by sanding before the mounting procedure. 
Approximately 70 man-hours were requi red  by t h e  NASA personnel and two service  
support  cont rac tors  t o  complete t h e  map p a c k ~ g c .  An add i t iona l  30 man-hours 
were spent  annotat ing t h e  v i s u a l  observations sites on these  maps. 

Earth O r b i t a l  S l i d e r  Map 

A shaded r e l i e f  map a t  a s c a l e  of 1:40,000,000 was used with two t rans-  
parent  overlays. One overlay designated observation s i t e s  ; t h e  o the r  marked 
respective o r b i t a l  paths and t imes of approach. With ascending node da ta  
suppl ied  da i ly  by t h e  Mission Control Center ( M C C ) ,  the crewmen used t h e  map 
t o  predict which visual observations s i t e s  would be s igh ted  and t h e  time of 
closest approach. 

With North and S o ~ t h  America on one s i d e  and Europe, Asia, Af r i ca ,  and 
Australia on the  opposi te  s i d e ,  two p a r t s  of  a map were a t t ached  t o  a 
cardboard reinforcement. The first over lay  was superimposed over t h e  map 
segments and taped down by t h e  crewmen. The second, which had t h e  schemes 
of t he  o r b i t a l  pa ths ,  was t aped  so  t h a t  it formed a full t r a c k  and could 
s l i d e  f r ee ly .  Two metal s t r i p s  with t i n y  b ingel ike  rollers were a f f i x e d  t o  
t h e  l e f t  and r i g h t  s ides  of  t h e  man t o  f a c i l i t a t e  movement of the t o p  overlay. 
Z'hus, t h e  crewmen were able t o  i d e n t i f y  observation sites i n  a s p e c i f i c  
o r b i t  at a s p e c i f i c  time. 



h ,  OPERATIONS 

The Visual Observations ProJect %am3 

VISUIL OBSERVATIONS FLIGHT INSTRUMEXIS 

The Visual. Observations Project  equipment used by the crewmen included 
various types of cameras. The camera and film types  used by t h e  Skylab b crew- 
men are s h m  i n  table 4-1. The binoculars t ha t  were available on board are 
sham in table  4-11. 

MISSIOiq OPERATIONS 

The JSC Visual Observations Team 

The Visual Observations Project planning a c t i v i t i e s  during the  Skylab 4 
mission were conducted i n  real. time by the  3SC Visual Obs~rvat ions  Team 
(table 4-111). The JSC Team, which was responsible f o r  t h e  overa l l  prodect 
operations, se lec ted  and scheduled observation (o r  handheld camera) sites, made 
recomnendations on photography, maint d n e d  a s t a t u s  l og  of photographic accom- 
pl i shnen t s ,  and conducted weekly science conferences with Lhe crewmen. To 
accomplish these tasks, the JSC Team consulted frequerltly with the  Science Team 
rnenibers . 

The two primary functions of the  JSC Team were selecting and scheduling 
the visual observations sites. The se lec t ion  process was accomplished through 
daily meetings of t h e  JSC Visual Observations Team members. During a. meeting, 
a preliminary l i s t  of abservation sites was  prepared fo r  3 days hence, a f i n a l  
list of s i t e s  for 2 days hence, and supporting information messages (called 
Vis ua3 Observations preadvisory data (PAD) messages) for s i t e s  scheduled the  
next d a y .  !this 3-day advance planning provided adequdte lead time f o r  incor- 
porating the handheld camera s i t e s  i n t o  the  f l i g h t  plans and t h e  crewmen time 
lines. Additional functions of t h e  JSC Team included modification o r  addit ion 
of s i t e s  and considerat ion o f  daily repor ts  from t he  Ceiiler f o r  Short-Lived 
Phenomena, Smithsonian I n s t i t u t i o n ,  and of input from the  Science Team f o r  
observation by the crewmen. Selection of the  handheld camera sites during the 
mission w a s  based on current  accomplishrriears , calculated Sufi. angle, gromd- 
track a ~ a i l a b i l i t y  , global weather condi t ions ,  and Science Team recommendations. 

%e members of the Visual Observations Project  Team a r e  l i s t e d  i n  
table 4-111 of t h i s  r epor t .  



TABLE h-1.- OHBOARD CRMERA EQUlPMEI!T 

'color exterior; SO 368, Ektachrome P15, color-reversal film. ASA 64. 

b~ery-high-speed-black-and-whi~e film; 2489 high speed panchromatic vi th  extended red senuit ivity,  
Wh 6000. 

* 

Cmnern 
I 

r ;  : ~ l b l n d  

S S ~ M  

t t . r + ~ ~ r  data acquisition 
cmcra 

C~olor infrared; 2hb3, aerochrcne IR color film, ASA 1.25. 

TABLE 4-11,- BINOCULARS I S E D  ON BOARD SKYLAB 4 
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70-m CX' 
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TABLE 4-111. - THE JSC VISUAL OBSEIIVATIONS PROJECT TEAM 

Team member 

John L. Kaltenbach 
Skylab project  scientist 

William B. Lenoir 
Scientist astronaut 

Michael C. McEwen 
Geologist 

Ronald A. Weitenhagen 

V. R. Wilmarth 
Earth Observations Progrem 

scientist 

Sackground and r e s p o n s i b i l i t y  - 
Image interpreta.t;ion specialist 

with 20 years experience i n  use 
of photog.?aphic data in geology, 
cartography, and hydrology. 

Specialist i n  remote sensing of 
planetary atmospheres; served 
as backup science p i l o t  for 
the  Skylab b mission. 

Trained ApolLo lunar surface and 
o r b i t a l  crewmen and coordi- 
nated JSC support of visual  
observations and handheld 
camera photography fo r  final 
three Apollo missions. 

Responsibie for preparation of 
onboard data packages f o r  the 
Skylsb Earth Resources experi- 
ment package (EEEP) and Visual 
Obsel?rakions Project ; additional 
activities include Apollo and 
Skylab crew t r a i n i n g  and relatea 
simulation programs. 

Responsible for Skylab EWP 
scientific program; many years 
experience .in terrestrial and 
lunar science programs. _1 



Before t h e  meeting, a l i s t  was prepared of a l l  t h e  possible handheld s i t e s  
t h a t  wollld be avai la5le  t o  t h e  crewmen during t h e  working por t ion  of t h e  day. 
From this l i s t ,  t h e  appropriate sites (usually fewer than LO) were s e l e c t e d ,  
photographic speci f  icctions were determined, and those sites r equ i r ing  visual 
observations PAD messages ( s i g h t i n g  md observat ional  d a t a )  were i d e n t i f i e d .  
Frequent telephone consul ta t ions  were he ld  with members of t h e  Science Team t o  
obtain t h e i r  recommendations for  f u t  =e s i t e  s e l e c t i o n s  o r  photographic 
procedures, During the  Skylnb b mission, on December 1 4 ,  1973, a meeting was 
conducted at JSC t o  assess accomplishments so  t h a t  f u t u r e  team operat ions could 
b e  planned and end-of-mission repor t ing  plans could be devised. 

The JSC Team reviewed t h e  voice t r a n s c r i p t i o n s  from the S w l a b  4 crewmen 
daily and prepared them for shipment t o  t h e  Science Team members. The JSC Team 
a l s o  prepared a d a i l y  s t a t u s  repork t h a t  i d e n t i f i e d  t h e  handheld camera s i t e s  
observed and photographed and t h a t  had a summary of and comments on t h e  crew- 
men's observations. For each photograph, the camera and f i h  type ,  frame 
number, f-stop, lens,  and p red ic ted  q u a l i t y  of t h e  photograph were listed. 
The Fl ight  Operations Management Team rece ived copies of  t h i s  d a i l y  s t a t u s  
l o g  t o  inc lude  i n  t h e i r  d a i l y  reports. 

The weekly science conference wi th  t h e  crewmen was important t o  t h e  
v i s u a l  observations a c t i v i t i e s .  These conferences, which l a s t e d  approxi- 
mately 10  minute!^, were conducted t o  maintain a c lose  working r e l a t i o n s h i p  
betyeen the crermembers and t he  JSC Team, t o  provide t h e  crermen wi th  assess-  
ments and highl:;ghts o f  t h e i r  a c t i v i t i e s ,  and t o  review t h e  plans f o r  the  
following week. Because of t h e  need t o  maintain t h e i r  perspect ive  of the  value 
o f  t h e i r  v i s u a l  observation t a s k s ,  the crewmen welcomed these  conferences. 

Mission Control  Center 

The MCC was responsible f o r  real-time con t ro l  of a l l  aspects  of the  
mission. In addi-kion, the  staff i n  t h e  Earth resources experiment package 
(CIIEP) Science Support Room (SSR) in the  MCC supported t h e  operat ions by pre- 
paring the  t e l e p r i n t e r  messages t h a t  were s e n t  d a i l y  t o  t h e  crewmen. 

The EREP SSR staff i n  the  MCC was composed of two groups responsib le  far 
preparing and scbmitt ing ca lcu la t ions  that concerned poss ib le  observations 
s i t e s  and f o r  preparing d e t a i l e d  PAD messages t h a t  concerned changes i n  o r  
addit ions t o  the  Visual Observations Book. The "plan Operations" personnel i n  
t h e  SSR used t h e  Activi ty Scheduling Computer Program t o  determine t h e  time of 
c loses t  approach of t h e  spacecraft t o  t h e  observation s i t e ,  t h e  optimum space- 
craft; viewing window, t he  approximate look angle from t h e  spacecraft; t o  t h e  
s i t e ,  md the ~lpproximn,tc Sun arlgle. With t h i s  information, "?ruth Operations" 
personnel pr.epz,reu t:;- ,.'._1, xessages, coordinated t h e  scheduling o f  the  o t se r -  
va t ion  s i t e s ,  and formulated necessary changes i n  t h e  Visual  Observations Book 
to be uplfnked t o  the crewmen. 

The handheld camera s i t e s  were scheduled i n  t h e  Crewmen D e t a i l  PAD mcsd- 
sages according t o  the  format shown i n  figurs 4-1. S i t e s  were designated as 
scheduled o r  o ~ t i o n a l  but time was allowed only for scheduled s i t e s .  Optional 



1239 COPT)  1239:21 HH30-12 , 
SFILt6 S190 HOC/100 (FUD)  , 

1527 (OPT)  1532: 36 HH30FI SF129, 
WHKO HQC/100 C P R D j  - 

2317 < O P T >  2322:96 HH120 ~ ~ 2 0 :  
WORD - 

(a)  Example of sites. 

I 
i T i n e  o f  cil3aes.t: app roach  -kc center* o f  Wif7doM 

I I 
I S i t~ nut~lker 

I I I 
1 I 1 Sun e lava!: i l : l J r  a n g l e  
I I I I 
I I 1 I 0 P f, i t a t  1.1 td CJ i t l  d 0 
I I I I I 

2235 (OPT:) ",20:13 HHlqS-1 5021 W R R G  
235,000,125 NF;; :OZI3QO#ER 1:: PHD :, 

(b Explanation of format. 

Figure 4-1.- Visual observations sites on the crewmen s d e t a i l  PAD! s, 



site l i s t i n g s  were supplied t o  the crewmen f o r  infnrmation and guidance 
r.x+pOse3 should time t o  observe became available. The PAD messages were 
reviewed and ticcepted by t h e  EREP Officer, F l i g h t  Ac t iv i ty  Of f i ce r ,  Capsule 
:,~z:~aiicator (CAPCOMJ, and Flight Director  before being scheduled i n  the 
&i ly flight plan. 

Real-time discussions between t he  crewmen and t h e  ground on t h e  subjec t  
of  v isual  observations were minimal. Usually, t h e  crewmen undi?rslood the  
requirements and executed them; however, when questions arose ,  t h e  crewmen 
relaled then; t o  t h e  CAPCObI during a convenient s t a t i o n  pas;. The CAPCOM would 
pass the query t o  the  EmP Off ice r ,  who would contact a member of the  JSC Team. 
Vsunlly, t he  response would be uplinked on a t e l e p r i n t e r  message t h e  next; day, 
although on several. occasions a near-real-time response was given with a mini- 
zsl tj e l apse .  The EREP OfficerlJSC T e r n  i n t e r f a c e  was of c r i t i c a l  inipor- 
tance, and future manned missions could benef i t  from f u r t h e r  t r a i n i n g  and 
organization i n  t h i s  area. 

The Skylab 4 Crewmen 

The detail.ed PAD messages included information on v i s u a l  o b s e r v a t i o ~ s  
s i t e s .  ( ~ a t e r  i n  the  mission, thf E information appeared i n  a separa te  message, 
the op t iona l  handheld camera s i t e  l i s t i n g .  1 If add i t iona l  observat ional  da ta  
o r  background information were required,  a visual observations PAD was a l s o  
included. With t h i s  information and the  flight data f i l e ,  t h e  crewLen c o u l l  
perform the scheduled observations a t  the appropriate time. In  additf on, they 
would t r y  to observe o r  photograph as many of the optional sites as poss ib le .  
Tne grea tes t  amount of information w a s  taken on a s i te -of-oppor tmi ty  b a s i s ,  
i n  which a crewman who had a few f r e e  minutes would look out the window f o r  a  
region o r  p:-enomenon of  i n t e r e s t  t o  the project. Then, besed on h i s  t r a i n i n g  
and accumulated on-the-job experience, he would perform t h e  appropriate obser- 
vation and take  t h e  necessary photographs. 

Af ter  observing and photographing a s i t e ,  t h e  crewmen's recorded debrief- 
ings were t e l eve te red  t o  ground s t a t i o n s .  I n  addi t ion  t o  the information 
requested by the Visual  Observa-t;ians Book for a s i t e ,  t h e  time t h e  photograph 
u s  taken, length of exposure, camera s e t t i n g s ,  f i l m  magazine, f i l t e r s ,  e s t i -  
rated viewing angle, and Earth surface condit ions were recorded. Trmscrip- 
t ions o f  t h e s e  debriefings were extremely useful t o  the  JSC Team i n  planning 
fzture s i t e s .  Coupled w i t h  t h e  a c t u a l  photographs, they are p;im da ta  for 
P a t  f l i g h t  analysis. 

Visual  Observations Projec t  Science Team 

)hmbers of the  Science Team p a r t i c i p a t e d  i n  the  mission operat ions 
. ' , -?;;. frequent telephone consul ta t ions  wi th  the 3SC Team. The individual 

-:'il.>ce Team members rece ived copies of t h e  t r a n s c r i b e d  debrieffngs as soon 
1 - . : ib le  during the mission. Data from t h e  t r a n s c r i p t i o n s  served t o  keep 

'ic-zce Team members abreas t  of t h e  ~ r o c e e d i a g s  i n  t h e i r  respect ive  areas 
C .  '.::-rest. 



CREM DEBRIEFING 
I 

The Visual Observations Project  crew debriefing,  which required approxi- 
mately 27 ho -us ,  was completed on March 20, 1974 ( t a b l e  4-IV). In addit ion t o  
the JSC Visual Observations Team members, t he  Science Team members, and the  
Skylab 4 crewmen, t h e  debriefings were attended by the  crewmembers fcr t h e  
Apollo-Soyuz Test Project (ASTP), t h e  Pr inc ipa l  Inves t iga to r  fo r  t h e  Earth 
Observations and Pnotograghy Experi rnent f o r  ASTP, and several members of the  
Fl ight  Operations Directorate,  who are  involved i n  mission planning f o r  
the B T P .  

The debriefings,  which consisted of a review and a discussion of each 
investiga-t;ive area,  were conducted j o in t l y  by the JSC Team and t h e  menibers of 
the  Science Team from t h e  appropriate d isc ipl ine .  The purpose of t he  debrief- 
in& was  t o  obtain add i t iona l  i n fo rm~t ion  on spec i f i c  fea tures  o r  phenomena 
observed o r  photographed by the  crewmen. Before each debriefing,  members of 
both t h e  J s C  Team and. t he  Science Team out l ined t he  agenda of thc  debriefing 
and prepared the  applPopriate phot   graphic d i s ~ l a y s ,  The actual  debrief ings 
were conducted by t h e  Science Team members and recorded professionally.  Tran- 
s c r i p t s  o f  the  debriefing were provided t o  the  Science Team members f o r  w e  i n  
preparing p ro jec t  repor ts .  A meeting of t h e  JSC Team and t he  Jcience Team mem- 
bers was held a f t e r  the debriefing t o  define t he  s c i e n t i f i c  nn6 operat ional  
h ighl ights  t h a t  :esulted from the  session.  

The scope of t h e  debriefing was l imi ted  t o  a l-eviev and evaluation of t he  
Hasselblad TO-mill5rneter photographs and the  t ransc r ip t ions  of t he  air- to-  
ground tapes t h a t  were recorded i n  real time during t h e  mission. Because t h e  
Nikon 35-millimeter photographs were not avai lable  for t h i s  debriefing , addi- 
t i o n a l  discussions w i l l  be he l a  :rith t he  crewmembers t o  resolve s p e c i f i c  ques- 
t ions and t o  rev iew r e s u l t s  of' the  a n ~ l y s i s  of those  photographs. 

t i s  
m i s  

The inf-rmal debr ief ing provided t h e  npportunity f o r  t he  d i s c ip l i ne  scien- 
t t o  examine in  d e t a i l  the photographic mater ia l  obtained during Skylab 
sions with the  crewmen and t o  resolve s c i e n t i f i c  and operat ional  guestions. 

Information on photographic procedures, viewing angles,  use of cameras and 
film, re la t ionsh ip  between the  photogrqh and crewmen's observa-Lions, and a 
host of spec i f i c  questions on oceanographic, atmospheric, and t e r r a i n  phenomena 
were obtained. 

I n  addit ion t o  t he  s c i e n t i f i c  value,  the debriefing data w i l l  be  used t o  
provide guidelines f o r  planning t he  Earth Observations and Photogr8phy Experi- 
ment f o r  t h e  1975 A-STP mission. 
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5 .  THE ROLE OF MAN IN SPACE 

The Visual Observations Project ~ e a m ~  

Determining t h e  role of the  crewman i n  making Earth oi;sc:'vations fron; 
space was a primary goal  of t he  Visual Observations Project. This  project  used 
+he crewmen's capab i l i t i e s  t o  ac t  as discriminating viewers able  t o  in tegra te  
p re f l igh t  t ra in ing  and on-the-job experience. Results of the r o j e c t  confirm 
that m a n 1  s a b i l i t i e s  t o  observe, describe,  reason, select, and modify provide 
d i s t i n c t  advantages i n  making mmy Earth obse rv~ t ions .  

During t he  Skylab 4 mission, some of the visua l  observations s i t e s  were 
scheduled i n  t he  crewmen's Flight Plan and others  were recommended f o r  observjcg 
and photographing but not  scheduled. A?proximately 75 percent of t he  observa- 
tions , however, were planned and performed a t  t he  crewmembers' i n i t i a t i v e  i n  
r e a l  time. Their choices were based on pre f l igh t  t ra in ing ,  observational  expe- 
r ience e a r l i e r  i n  the mission, recommendations from the Visual Observations 
Book, t e l ep r in t e r  messages, and conferences with t h e  Visual Observations Project  
Team. The following discussion presents an assessment of man's unique cnpa- 
b i l i t i e s  i n  making visual observ&'cions of Earth features based on S ~ y l a b  4 
mission experience. me exr,%p!.es given are  4iscussed i n  greater  d e t a i l  i n  t he  
p r e l h i n a r :  reports  t h s t  foU.?w. In t h i s  sect ion,  however, the emphasis i s  
placed on the  application of xan'a a b i l i t i e s  i n  general.  

The human eye i s  extzemely sensi t ive  to numerous parameters, such as color ,  
t ex ture ,  s i ze ,  and shape, Man i s  also able t o  compare d i f fe ren t  g lobal  areas ; 
t o  detect  regional differences i n  color, t ex ture ,  and pat terns  ; and t o  d i r ec t  
temporal changes i n  a given area. Such comparative data  have appl icat ion even 
though d i f fe ren t  conditions p reva i l  i n  .the regions. The crewman's a b i l i t y  t o  
mentally remove t he  e f fec t s  of d i f fe ren t  c o n d i t i , . ~ ~  of haze,  viewing angle, and 
illumination i s  unique. Conditions such as haze and c i r r u s  clouds t h a t  may 
~ e r i o u s l y  degrade s ing le  photographs a re  not always such a serious hindrance t o  
continuous observation from a moving space platform. The "picket fence" e f fec t  
permits observations around arid under cloud cover. I n  addi t ion,  man's eyes a re  
more capable of perceiving col.or and a much ?.arger dynamic range than the  f i lm 
used i n  t h i s  project .  However, man has l e s s  a b i l i t y  t o  accurately record and 
s t o r e  his findings. I n  this regard, crewman a b i l i t y  and equipment capabi l i ty  
complement one another well. 

I n  nanmade geometric f i e l d .  pa t te rns ,  colors , sizes, and shapes can be 
detected and c l a s s i f i ed  through as  much as 75-percent cloud cover. However, i n  
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:.+..-i,\nl; where I Z C ~  ' l i : ~  p a t t e r n s  are l e s s  geometric, such a s  i n  t h e  arid lands  
of Piali, such recogtiitioil and c lass i f i cs t , i an  is m*tcli more d i f f i c u l t .  Percept io~r  
is a l s o  d i f f i c u l ~  i n  areas of 20w c o n t r a s t ,  such as older  c i t i e s  constructed of 
l o c a l  bui ld ing mater ia ls .  C i t i e s  cons t ructed  of ma te r i a l s  foreign t o  t h e  a rea  
are more e a s i l y  discerned.  Addit ional  t r a i n i n g  may enable b e t t e r  recogni t ion  
i n  the  lower con t ras t  a reas  as we l l ,  

Dynamic f ea tu res  such as i c e  and snow cover -a re  a l s o  e a s i l y  observed; s ig-  
n i f i c a n t  changes i n  i c e  s t r u c t u r e  i n  t h e  Gulf of S t .  Lawrence were notey7 in 
consecrltive revolut ions  (approximately 90 minutes a p a r t ) .  Daily change, i n  
snow cover (even hourly during n snowstorm) were observable,  as were snow ~ p e l t -  
ing  pat terns .  

The Skylab 4 crewmen have demonstrated t h a t  a t r a i n e d  obsewer  can d e t e c t  
color  changes i n  a crop growth cyc le  and can possibly e s t a b l i s h  optimum times 
t o  obtain a d d i t i o n a l  remote-sensor information. Many of the cereal crops under- 
go a c r i t i c a l  phase i n  development during which extensive remote-sensing meas- 
urements exe des i red  t o  a l 1 . o ~  inference  of future p o s s i b i l i t i e s  of  that crop.  
Although t h i s  phase l a s t s  approximately 1 0  days, i t s  beginning s tage  i s  diffi- 
c u l t  t o  p r e d i c t .  me crewmen's a b i l i t y  t o  recognize that a f i e l d  has entered  
t h i s  phase would be a s i g n i f i c a n t  cont r ibut ion  by itself. 

It i s  man's capaci ty  t o  reason t h a t  allows h i m  t o  exerc ise  judgment, per- 
haps t h e  most important a s s e t  of a crewman. In  response t o  i n - f l i g h t  experience 
(e.g. , recognizing t h e  s ign i f i cance  of new f e a t u r e s  o r  phenomena), a crewman 
can modify procedures - o r  even ob jec t ives  - t o  enhance t h e  s c i e n t i f i c  value of 
the  observations.  Hypotheses based on observati.ons can be discussed and v a l i -  
dated with t h e  ground team t o  enable new f a c t s  t o  be applied t o  t h e  observa- 
t i o n a l  pragram during t h e  mission. 

The crewmen exerc ised  judgment i n  observing and photographing many geologic 
areas t h a t  were not included i n  the p r e f l i g h t  plan and had not been previously 
photographed o r  mapped. A s  an example, t h e  Skylab 4 photographs of t h e  volcanic 
f ie lds  i n  Bo l iv ia  and Chile a r e  new ssurces  of information. In  add i t ion ,  t h e  
occurrence of icebergs i n  t h e  South At lan t i c  Ocean ( e .  g., t he  s i z e ,  shape, and 
d i s t r i b u t i o n )  was documented becadse the crewmen used i n i t i a t i v e .  These da ta  
a r e  e spec ia l ly  important because information on icebergs  i n  t h e  South At lan t i c  
has been sparse. 

Observations of ne teoro log ica l  phenomena were almost e n t i r e l y  dependent 
on real-time judgment by t h e  crewmen. Several  of t h e  an t i c ipa ted  phenomena, 
such as  Kgrmgn eddies over l and ,  were no t  seen,  but  observations of unant ic i -  
pated fea tu res  (e .  g, , t h e  bow-shock wave over Campbell ~ s l a n d )  w p r e  new and 
s c i e n t i f i c a l l y  important. 

The space-based crewman has an exce l l en t  vantage point  from which t o  scan 
a large f i e l d  of view and t o  s e l e c t  f h e  s i g n i f i c a n t  f ea tu res  f o r  study. Rapid 
discrimination allows maximl-m poss ib le  time t o  observe a fea tu re  by loca t ing  it 
early and by viewing it from horizon t o  horizon. Increased viewing time per- 
Eits more thorough observation and desc r ip t ion  and provides a b e t t e r  base f o r  
high-quality stereophotograpby. 



Be*cause many f e a t u r e s  change i n  appearance as t h e  Sun angle and t h e  viewing 
angle change, the  crewman can s e l e c t  t h e  optimum condit ions f a r  observing and 
photographing a p a r t i c u l a r  f ea tu re .  For examyle, i n  vegetation s tudies ,  a crew- 
man can document observations made from l lsr izan t o  horizon with photographs 
taken near t h e  nad i r ,  a p o s i t i o n  which optimises t h e  color  c o n t r a s t s  important 
t o  crop s tud ies .  In geologic s tud les  , he can document h i s  observations with 
low-Sun-angle photography t o  ;,rl;ance t h e  appearance of t h e  r e l i e f .  !The choices 
of what, when, an& how t o  photograph an observe.tiona.1 s i t e  a r e  criticsl.1. 

Man can e a s i l y  observe and photograph n f e a t u r e  such as t h e  Falkland 
Current,  which meanders f o r  thousands of ki lometers  i n  t h e  South At lan t i c  Ocean, 
whereas it would be d i f f i c u l t  t o  ob ta in  similar information from automated 
s a t e l l i t e s .  Man's c a p a b i l i t y  t o  i n t e g r a t e  a t o t a l  f i e l d  of view rapidly and 
concentrate on the  most s i g n i f i c a n t  f e ~ t u r e  i s  a considerable add i t ion  t h a t  man 
brings t o  Ear th  observations.  

Man's presence g r e a t l y  increases  the  f l e x i b i l i t y  of Earth obser-vations from 
space platforms. The e n t i r e  t h r u s t  of a program may be changed i n  r e a l  time 
when new observational  information i nd ica tes  the d e s i r a b i l i t y  of such a change. 
If necessary,  t h e  required changes can be incorporated i n t o  t h e  plan and f u r t h e r  
modified, a l l  within t h e  same mission. Otherwise, each change could r e s u l t  i n  
a major program a l t e r a t i o n  ox a new mission. 

An e x c ~ l L e n t  example o f  program f l e x i b i l i t y  i s  t h e  study of cold-water 
eddies i n  %arm ocean c u r r e n t s .  This phenomenon was discovered a f t e r  t h e  
Skylab 4 crewmen were i n  o r b i t .  The presence of man on board afforded the  
opportunity t o  modify planned oceanographic observations of eddies i n  the maj or 
ocean currents .  

The previously mentioned c a p a b i l i t i e s  of man were used i n  observing t h e  
sungl in t  phenomenon. Many large-sca le  surface  f e a t u r e s  of t h e  oceans were seen 
f o r  t h e  F i r s t  time i n  sung l in t ,  a r a p i d l y  changing phe,.xnenon t h a t  i s  valuable 
fo r  viewing surface t e e u r e .  The a b i l i t y  t o  observe f e a t u r e s  i n  sungl in t  was 
not fully an t i c ipa ted  before  the mission. 

To t a k e  complete advantage.of th i s  phenomenon, the crewman had t o  recognize 
and i d e n t i f y  the  Teature of i n t e r e s t  i n  t h e  sung l in t  p a t t e r n .  The crewmen had 
approximately 5 seconds t o  observe n f e a t u r e  i n  sung l in t ,  t o  decide t h e  appro- 
p r i a t e  observat ional  technique,  and t o  perform t h a t  technique Tor t h e  unexpected 
fea ture .  Although t h e  occurrence of sung l in t  i s  p r e d i c t a b l e ,  t h e  f ea tu res  that 
w i l l  be v i s i b l e  i n  the sung l in t  a r e  not .  

This complex judgment c a ~ a b i l i t y  separa tes  men's work from t h a t  of s a t e l -  
l i t e  equipment. Certain f e a t u r e s  are more evident  i n  t h e  outer  edges of t h e  
sungl in t  pa t t e rn  than they a r e  i n  t h e  c e n t r a l  a rea .  A crewman i s  a b l e  to t r a i n  
himself t o  know exac t ly  t h e  optimum time f o r  taking t h e  photograph, whereas 
even t h e  most soph i s t i ca ted  sensor package cannot respond t o  that type 
information. 

The r o l e  of man a s  t r a i n e d  observer viewing t h e  Earth from space i s  new. 
Working out  the  proper relationship between man as observer with remote-sensing 



instruments t o  d i r e c t  and comp?.etely automated remote-sensing instruments has 
hardly begun. In  - this  r e s p e c t ,  t h e  f i e l d  of Earth observations can l e a r n  much 
from the  field of astronomy. On Skylab, the Apollo te lescope mount (ATM) was 
a soph i s t i ca ted  array of instruments fo r  study of t h e  Sun i n  wavelengths not 
de tec table  ins ide  t h e  atmosphere. I n  ATM operat ions,  the crewmen functioned 
both a s  t r a i n e d  observers and technic ians .  Because t h e  crewman had more com- 
p l e t e  real-time data a v a i l a b l e  than t h e  ground-based observator ies ,  he decided 
when t r a n s i e n t  events (such as f l a r e s ,  po in t  brightenings,  and coronal t r an -  
s i e n t s )  occurred and judged whether t h e s e  events were s i g n i z i c a n t  enough t o  
replace  planned observations with s t u d i e s  of t h e  t r a n s i e n t .  blany valuable ATM 
data were obtained by t h e  crewmen's i n i t i a t i v e .  In  add i t ion ,  t h e  crewman 
pointed t h e . a r r a y  at t h e  des i red  f e a t u r e ,  monitored t h e  measurements of some of 
the experiments, and helped t o  troubleshoot malf'unctions. Many of man's f'unc- 
t i o n s  i n  spaced-based and ground-based astronomy w i l l  have counterpar ts  i n  Earth 
observations.  

I n  f u t u r e  Earth observations missions,  such a combination of man and a 
semiautomated instrument package could g r e a t l y  enhance s c i e n t i f i c  d a t a  r e t u r n ,  
The crewman contr ibutes  t h e  aforementioned c a p a b i l i t i e s ,  and t h e  instruments 
provide a high-resolution mul t i spec t ra l  c a p a b i l i t y  and a permanent record of 
the data  gathered. 

To r e a l i z e  f u l l y  the p o t e n t i a l  of manned observations,  t h e  mission planners 
must provide the  crewmen wi th  suff ic ient ,  time not only t o  make t h e  observation 
but a l s o  t o  prepare f o r  it heforehand and t o  discuss it f u l l y  afterwards. A t  
a l t i t u d e s  of 430 kilometers ,  the  crewmen of Skylab could observe and photograph 
a s i t e  f o r  approximately 30 t o  40 seconds. During t h e  debr ief ing  sess ions ,  t h e  
Skylab 4 crewmen indica ted  repeatedly that it was poss ib le  e i t h e r  to observe 
and descr ibe  or t o  obta in  photographs; however, t h e r e  was not  enough time ava i l -  
able  t o  f u l l y  accomplish both tasks. I n  add i t ion ,  mission c o n s t r a i n t s  
r e s t r i c t e d  t h e  oppor tuni t ies  and time f o r  observing and photcgraphing t h e  s i t e s .  
I n  general ,  the oppor tu i~i ty  t o  view many s i t e s  was l i m i t e d  t o  f i v e  passes o r  
approximately 2 t o  3 minutes. For ths sites between l a t i t u d e s  40' and 50' N 
and S ,  many more oppor tun i t i e s  were ava i l ab le  (because of t h e  o r b i t  in t e r sec -  
t i ~ ~ ; i  f o r  a 50' i n c l i n a t i o n  t h a t  occur wi th in  these  l a t i t u d e s )  and ,  conse- 
quently, t h e  information obtained-was increased.  Excellent  examples of t h i s  
occurred i n  t he  Falkland Current i n  t h e  south and i n  t h e  i c e  i n  t h e  G u l f  of S t .  
Lawrence i n  the north. 

An important conclusion of t h e  Skylab 4 pro jec t  a c t i v i t i e s  is t h a t ,  if 
more time i s  avai lable  f o r  conducting v i s u a l  observat ions ,  t h e  type  and amount 
of information returned w i l l  improve. The mission i t s e l f  must be f l e x i b l e  
enough t o  use f u l l y  t h e  inherent  f l e x i b i l i t y  o f fe red  by t h e  presence of man. 
P re f l igh t  programing o f  t a s k s  i s  mandatory, but  f l e x i b i l i t y  must be r e t a ined  
f o r  modifying the  f l i g h t  p lans  rapid ly .  This  f l e x i b i l i t y  w i l l  provide t h e  
oppor tuni t ies  t o  observe, t o  photograph, and t o  study dynamic f e a t u r e s  such as 
hurricanes, volcanic e rup t ions ,  i c e ,  severe storms, and crew-identified s i t e s  
of opportunity. 



PART B 

PRELIMINABY RESULTS 



During the 84-day mission, the Skylab 4 crewmen completed more thsn 
850 observations of Earth features and phenomena and acquired approximately 
2000 photographs to document these observations. 

The preliminary results presented in the individual sections of this 
report were compiled by the Science Team members. These results are based on 
cursory analyses of five of the eight magazines of the 70-millimeter Hassel- 
b l : ~ d  photographs, transcriptions of the crewmeq1s real-time descriptions, and 
informa-t;ion obtained during the crew debriefing sessions. (The 35--millimeter 
Nikon photographs were not available for analysis or inclusion in these prelim- 
inary reports. ) 

The major emphasis in this report is placed on the identification of 
significant observational data, the application of such data to scientific 
study, the description of man's role in obtaining these data, and recommenda- 
tions of photographic equipment and viewing facilities for future manned orbi- 
tal missions. 



6 .  GLOBAL TECTONICS: PRELIMINARY REFORT ON SKYLAB 4 

OBSERVATIONS AID HANDHELD PHOTOGRAPHY 

a a a 
W. R.  ~ u e h l b e r g e r , ~ '  P. R .  Gucwa, A .  Y. Ri tch ie ,  and E. R.  Swanson 

The present model of mountain bui ld ing involves the  i n t e r a c t i o n  of r i g i d  
plates of the c r u s t  of the Ear th  as they move i n  r e l a t i o n  t o  one another. 
Pull-apart  zones correspond t o  t h e  midocean ridges; t hese  areas a r e  above sea 
l e v e l  i n  Iceland ( too  far nor th  for observatton rrom skylab) and extend t h e  
length  of Africa from Mozambique in t h e  ai.u.i;h, through t h e  E a s t  African rift 
valleys, t o  t h e  Red Sea, Dead Sea, and Sea of Ga l i l ee  i n  the north.  Th i s  major 
fault zone was a s i t e  f o r  visual  observations and photography. 

Transform f a a l t s ,  formed when p l a t e s  s l i d e  past  each other, are il1ustrs.- 
t e d  by t h e  San Andreas Fault  of  Ca l i fo rn ia  and t he  Alpine Fault of New Zealand. 
The third class o r  plate motion, i n  which one plate is pushed under its neigh- 
bor (subduction),  i s  assoc ia ted  w i t h  acean deeps, chains of volcanoes, and 
complex fault patterns as illustrated by Cent ra l  America and, i n  a more compli- 
ca ted  manner, by the  Atacame Fau l t  of Chi le  and the Phi l ipp ine  Fault of t h e  
Phi l ippine  Islands. 

The major mountain chains of t h e  world are t h e  r e s u l t  of' complex i n t e s -  
ac t ions  of moving p l a t e s  and the deformation of the edges of con t inen ta l  
shelves. Visual observations of f a u l t  braces, r e l a t e d  branch f a u l t s ,  and t h e i r  
regional  pattern, combined wi th  synoptic  photography from space, should assi5.t; 
i n  evaluat ing present analyses as w e l l  as i n  integrating t he  results of ground 
observations i n  widely separa ted  a reas .  The following paragraphs o u t l i n e  some 
preliminary r e s u l t s  of t h i s  project t h a t  satisfactorily demonstrate t h a t  the 
mind and eyes of man are the  best combinaf;ion of  sensors y e t  devised t o  make 
observations from space. 

AFRICAN RIFT SYSTEM 

The African con t inen ta l  c r u s t  has not behaved as two rigid plates during 
extension; r i f t i n g  i n  Africa has centered on domal u p l i f t s  approximately 
1000 kilometers  in diameter.  These uplifts are located where a rift. divides 
i n t o  two major segments. Crustal extension i s  at  a maximum at t h e  cen te r  of 
these uplifts and decreases along t h e i r  f lanks .  The Afro-Arabian r i f t  system 
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Figure 6-1.- Afro-Arabian r i f t  sys-iem. Continental  depressions .zre 
shaded. The area k i t h i n  the  dot ted  line is siiown i n  f igure  6-2; 
t he  area wtthin the dashed line is shown in figure 6-4. 



( f i g .  6-1 ( r e f .  6-1)) has an apparent spreading r a t e  less than t h e  1 crn/yr t h a t  
i s  i n t e r p r e t e d  f o r  t h e  Hed Sea and Gulf of Aden r i f t s .  Geological cons t ra in t s  
n!.low a mnximurn c r u s t a l  extension of npproximntely 30 kilometers i n  EtIliopia 
and approximately 10 kilometers  i n  Kenya. Gpophycical s tud ies  suggest t h a t  t h e  
eas te rn  r i f t  i s  underlain n i t h  thinned cont inenta l  c rus t .  The c rus t  of t h e  
domal u p l i f t s  i s  underzain wi th  low-density upper mantle t h a t  i s  presumably 
p a r t l y  molten. Southwar'd frrm t h e  Red Sea, the decrerrse of volcanism i n  t h e  
e a s t e r ~ ;  r i f t  zone f u r t h e r  supports  t h e  concept of decreasing cont inenta l  sepa- 
r a t i o n  f r o n  north t o  south.  

The s t r u c t u r e  of the Afro-Arabian rift boundary can be i n t e r p r e t e d  as the 
r e s u l t  of the separa t ion  of Arab i l  from Nubia and Somalia along a spreading 
system that has been a c t i v e  s ince  t h e  end of t h e  Cretaceous period (60 mil l ion  
years ago) .  The Gulf o f  Aden was created as Arabia r o t a t e d  counterclockwise 
from Somalia. The gul f  i s  f loored  with oceanic c r u s t  and contains a se ismical ly  
ac t ive  i'ault system t h a t  appears t o  be an extension of the Carlsberg Ridge of 
t h e  Indian Ocean. S imi la r ly ,  Arabia has r o t a t e d  away from Nubia; t h i s  r o t a t i o n  
r e s u l t e d  i n  the c rea t ion  of t h e  Red Sea, which is under la in ,  a t  l e a s t  i n  p a r t ,  
with oceanic c r u s t .  Extension i n  t h e  S i n a i  region was accomplished by left- 
l a t e r a l  strike-slip motion along t he  Dead Sea Fault system and by normal fault- 
ing  i n  the  Gulf of Suez. 

The Gul2 of Aden and Red Sea r i f t s  meet t h e  northern terminus of t h e  Afro- 
Arabian r if t  system i n  a complex junction of controversiaL o r ig in  i n  the Afar 
d i s t r i c t  of Ethiopia. The presence of f a u l t e d  blocks of cont inenta l  crust i n  
Afar, such as the  Danakil Horst, precludes ar. i n t e r p r e t a t i o n  that a11 of Afar 
i s  under la in  with oceanic c rus t .  

The Skylab 4 photographs thus  f a r  received a r e  mainly of the  Red Sea 
region and show many s i g n i f i c a n t  f ea tu res .  Figure 6-2 i s  t h e  f i r s t  photograph 
from spar? t o  show t h e  western scarp  i n  Ethiopia.  An explanatory map of t h e  
Afar a r e a  shown i n  t h i s  photograph is given i n  f i g u r e  6-3. The discontinuous, 
p a r a l l e l  s e t  of l i n e a r s  , which are axial t o  t h e  Afar r i f t  ( f i g  . 6 -3 ) ,  may 
r e l a t e  t o  a change i n  t h e  pul l -apar t  charac ter  of t h e  Afar region. 

A question has a r i s e n  conc.erning t h e  r o t a t i o n  of Arabia: Is a l l  the  d is -  
placement of t h e  Arabian p l a t e  represented a l ~ n g  t h e  Dead Sea Fault? The 
Skylab 4 crewmen i d e n t i f i e d  an anomalous a rea  along t h e  Red Sea margin OF t h e  
Arabian Peninsula. A s  shu-m i n  f igures  6-4 and 6-5, t h i s  area appears t o  be 
broken by f a u l t s  both para! lel 3 r d  oblique t o  the  coas t .  Many of t h e  l i n e a r  
f e a t u r e s  are shown on published geologic maps a s  f a u l t s ,  bu t  the  photograph 
suggests much deformation i n t e r n a l  t o  t,he Arabian p l a t e  t h a t  had >t been pre- 
viously recognized. 

ALPINE FAULT ZOIJE OF NEW 2- 

The Alpine Faul t  of Rew Zealand has long been regarded a s  a textbook 
example of ane of t h e  g r e a t  s t r i ke - s l i p  faul ts  of t h e  Earth ( f i g .  6-6, 
( r e f  6 2 ) )  A faul t  of t h i s  magnitude was expected t o  be v i s i b l e  from o r b i t ,  



Figure 6-2.- High oblique view looking nearly west towsrd Ethiopia 
and across t h e  A f a r  region o f  Africa (~~h~.137-3585). 
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Figure 6-3.- Explanatory map of f i g u ~ e  6 - 2 .  Th 3 Danakil Horst i s  a basement 
block apparent ly  separated from the Ethiopian Plateau during the opening 
of t h e  Red Sea. The parallel, discontinuous set of linears (some are 
mapped as faults) axial t o  the  rift may i n d i c a t e  a change in t h e  p u l l -  
apart cha rac t e r  of t h i s  region.  



Figure 6-4 .- Low oblique view of p&rt of the Ssudi Arabian Peninsula 
southeest of the G u l f  of Aqaba (8~4-138-3751). 
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Clouds 

Figure 6-5.- Explanator7 map of figure 6-4. The center o f  the drawing 
is approximately 26.50 N l a t i t ude ,  37.5O E longitude. Mapped faults  
are shown by heavy lines; pbotolinears by 1ie;ht lines. "Qtbtl i s  basalt 
and, andesite, "gp" i s  pera lkal ine  g r a n i t e ,  and "gg" i s  g r an i t e ,  The 
Skylab 4 crewmen recognized this area, as having enomalous t rends  ccm- 
pared with structures paralleling both - ,:.ties of t h e  Red Sea. 



Figure 6-6.- Diagram showing the Philippine Fault ,  t h e  San Andrew 
' 
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Alpine Faul t ,  and the  Atacama F a d t  at the same scale. Activc I. ' . . ' +ttit. 

are shown by darkened c i r c l e s ,  major faults by s o l i d  lines, 
trenches by heavy dashed lines. 
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and t h e  Skylab crewmen were expected t o  be ab le  t o  observe and photograph it. 
I n  adit i t ion t o  documentation of t h e  f a u l t  t r a c e ,  documentation of the offse t -  
t i n g  f e a t u r e s  on e i t h e r  side of tii? fault (which would i n d i c a t e  t o t s 1  o f f s e t )  
and o b s e r v a t i ~ n  of displaced r i ~ e r  t e r r a c e s ,  va l l eys ,  and stream courses (which 
would i n d i c a t e  recent  movement) were a l s o  des i red .  The e n t i r e  a rea  of North 
and South Is land was covered by approximately 60 photographs a t  varying Sun 
angles,  view angles,  and cloud cover. These photographs 2nd t h e  observations 
made by t h e  crewmen have contr ibuted  much t o  t h e  understunding of the g e o l n y  
of t h i s  r e g i ~ n .  

The Alpine Faul t  has a long h i s t o r y  t h a t  includes a r ight - la tera l .  s t r i k e -  
s l i p  displacement of  450 ki lometers ,  followed by a period t h a t  seems t o  be 
continuing and during which v e r t i c a l  u p l i f t  of t h e  Southern Alps along t h e  
Alpine Fau l t  occurred and f a u l t s  t h a t  diverge from the Alpine Fau l t  formed. 
The Skylab photographs show these  diverging f a u l t s  and t h e  npparent r e s u l t a n t  
t w i s t i n g  of Sou4.h Island.  

A general ized map of New Zealand is shown i n  figure 6-7. The c e n t r a l  part 
of South Is land i s  shown i n  f i g u r e s  6-8 and 6-9. Thc s i t e  photographed was 
d.escribed from o r b i t  by t h e  Skylab 4 commander (CDR)  i n  t h e  following manner: 

   he Sun angle  was quite low; it was s h o r t l y  a f t e r  sunr ise .  
I would est imate the Sun angle -to be maybe 20 degrees. The 
Alpine Fault  down New Zealand was very, very easy t o  see; q u i t e  
clear.  We were cross ing t h e  northern en? of South I s l and ,  looking 
t o  t h e  south, and you could see a f a u l t  l i n e  a l l  t h e  way Trcm t h e  
very northern end of South I s l and  u n t i l  it disappeared under t h e  
clouds.  The weather i s  j u s t  p e r f e c t ,  and t h e  Sun angle  i s  per- 
fect. You should have some rea l  good information here." 

I n  addi t ion  t o  t h e  Alpine F a ~ l t ,  l i n e a r s  can be seen i n  t h e  photographs. 
They diverge a t  a s m a l l  angle from both t h e  nor thern  and southern ends of t h e  
Alpine Fault. Those a t  t h e  southern end a r e  b e s t  seen i n  f i g u r e  6-10 and were 
described by the  science p i l o t  (SPT) a s  fol lows:  

t l  The r i v e r s  and water-erosion a reas  a r e  very d i s c e r n i b l e  on 
the west s ide  and on t h e  gas%, and t h e r e  does appear t o  be a 
p re fe r red  o r i e n t a t i o n  Tor these  r e l a t i v e  t o  t h e  fault l i n e .  How- 
ever ,  a s  far as iden t i fy ing  these as o t h e r  f a u l t s ,  t h a t ' s  hard 
t o  say. You can ident i fy .  these  f ea tu res ;  t h e y ' r e  l i n e a r .  But 
t o  c a l l  them a fault i s ,  1 find from cbservations from here ,  
very d i f f i c u l t  . " 
Shutter ridges, valleys closed oy f a u l t e d  spur ends, and o f f s e t  s t r e a m  

co=ses were a l s o  observed by t h e  SPT. These f e a t u r e s  a r e  b e s t  seen i n  t h e  
w e a  around t h e  c e n t r a l  por t ion  of t h e  Alpine Fau l t  i n  figure 6-8. Displace- 
ment of these features i s  sys temat ica l ly  r i g h t  l a t e r a l ,  a f a c t  ind ica t ing  t h a t  
.seceiit motion 3 ~ s  had some can~ponent of  r i g h t - l a t e r a l  movement. The stream 
c o u r i ; ~ ? ~ ,  a s  theJ appeared from orbit, were described by t h e  SPT: 
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Figure  6-7.- Mal! of New Zealand. The dotted line indicates the area  
shown in figures 6-8 and 6-9; the dashed line i n d i c a t e s  t h e  area 
r57k-n In figures 6-10 and 6-11. 



Figure 6-8. - Photograph of central South Island, New Zealand (sL~-137-3700). 
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Figure 6-5.- Explanatory map of f igure  6-8 showing l i nea r  features 
in cent ra l  South Island, New Zealand. Heavy solid l i n e s  a re  map- 
ped faults, light so l i d  lines are photolinears (probable faults) , 
and shor t  dashed l i n e s  are drainage. 
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Figure 6-10.- Photograph of southwestern South Island, New Zealand 

(SLL-136-3399) . 
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,"I counted r a t h e r  quickly up t o  around 50, I ' d  c a l l ,  f a i r l y  
major ravines  o r  r i v e r  channels leading out t o  t h e  ocean, run- 
ning from t h e  fault  zone i t s e l f ,  and t h e i r  o r i e n t a t i o n  could 
be very  c l e a r l y  de l ineated .  I could not see where t h e s e  picked 
up on tihe other s i d e  of t h e  fault zone a t  all." 

During - debr ief ing ,  the  SPT mentioned that; he had also noticed tha t  stream 
drainage t h e r e  was genera l ly  o f f se t  r i g h t  l a t e r a l l y .  This observation i s  i n  
accord w i t h  recent  f i e l d  mapping and seismic work. 

Figures 6-9 and 6-11 show t h e  dist~. ibut; ion of l i n e a r s  as i n t e r p r e t e d  from 
two Skylab 4 phot~graphs. Figure 6-9 shows the d i s t r i b u t i o n  o f  known faults, 
m m y  of which are mapped discontinuously or a r e  in fe r red .  The coincidence of 
known faults with the  photol incars  suggests t h a t  many o f  t h e s e  l i n e a r s  are 
indeed faults. The abundance of linears as seen from S w l a b  i n d i c a t e s  t h a t  
mmy more f a u l t s  e x i s t  i n  t h i s  por t ion  of New Zealand than have been mapped. 
These photographic i n t e r p r e t a t i o n  s t u d i e s  combined w i t h  field work should pro- 
duce rapid advances i n  t h e  knowledge of t h e  s t r u c t u r e  of New Zealand. Obser- 
vations and photographs by t h e  Skylab 4 crewmen of t h e  Alpine Fau l t  Zone 
demonstrate t h a t  significant advances can be  made f o r  an extens ively  s tud ied  
a r e a  i n  recognizing both  probable extensions and r e l a t i o n s h i p s  between major 
f a u l t  blocks.  It follows t h a t  hhis technique should be of even more value i n  
remote regions.  

ATACAMA FPLULT ZONE OF CHILE 

!The Atacama Fault i s  a poorly understood l i n e a r  f e a t u r e  t h a t  p a r a l l e l s  t h e  
coast of northern Chi le  f o r  over lC10 ki lometers  ( f i g s .  6-6 and 6-12 t o  6-16). 
Here, on t h e  western margin of South America, t h e  P a c i f i c  Ocean f l o o r  i s  being 
t h r u s t  under South America along t h e  Peru-Chile Trench. Before the beginning of 
under thrus t ing ,  approximately 200 mi l l ion  yea r s  ago, t h e  western coas t  of South 
America was t he  s i t e  of sedimerc ~ - . y  rock accumulation. Subduction (underthrust-  
ing) began, folded t h e  o lder  rocks,  and produced magmas t h a t  formed a volcanic 
arc  and associated b a t h o l i t h s .  La te r ,  a second volcanic arc began t o  farm t o  
t h e  east of t h e  e a r l i e r  arc. Rising magma produced volcanic and i n t r u s i v e  rocks 
t h a t  form the foundation of t h e  ves te rn  c o r d i l l e r a  of t h e  Andes. Approximately 
15 mil l ion  years  ago, explosive volcanic a c t i v i t y  began, followed c lose ly  by 
the erupt ion  of andes i t i c  lavas t h a t  formed the volcanoes (some s t i l l  a c t i v e )  
t h a t  dominate the Andes ( r e f s .  6-3 and 6-4). 

I n  southern Chi le ,  an a c t i v e l y  subs i i ing  graben, t h e  cent ra l -va l ley  graben, 
separa tes  the r i s i n g  coasta l  raoges t o  t h e  w e s t  from the rising Andes t o  the 
e a s t .  In riorthern Chile,  t h e  . tectonic s e t t i n g  west of t h e  Andes i s  not SO 

simple. Here a poorly defined topographic depression,  %he Pampa d e l  Tamarugal, 
i s  oblique LC t h e  coas t  and reaches the P a c i f i c  at Arica. This depression may 
be a northern analog of t h e  cent re l -va l ley  depression in t h e  south ( r e f .  6-51. 
The Atacama Fault, presen t ly  a c t i v e ,  cuts t h e  coast ranges t o  t h e  west c '  t h i s  
va l ley .  



TASMAN SEA 

Figure  6-11, - Exp1,anatory map of f igme 6-10 showing l i n e =  fea tu res  
in South Island, New Zealand. Solid l i n e s  a r e  in terpreted as 
faults; shor t  dashed l i ne s  are drainage.  
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Figurre 6-12. - F r i n c i p a l  geographic features of northern Chile. 
Dashed l i n e  i n d i c a t e s  l o c a t i o n  of f igwe  6-13; solid l i n e  
i n d i c a t e s  location of figure 6-15. 



Figure 6-13. - Photograph of T a l t a l  region, Chile (5~4-138-3794 ) . 
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Figure 6-14.- Explanakory map of figure 6-13 showing complex 
structure i n  the Atacama Fault Zone. 



Figure 6-15. - Photograph of c e n t r a l  Chile (sL~-137-3711). 
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Figure 6-16.- Explanatory map of f igure  6-15 showing the Atacama Faul t  and 
related faults.  Dashed lines are poorly defined photolincars. 



H i s t o r i c a l l y ,  the Atacama Fault has been considered t o  be a r ight- lateral  
t r anscur ren t  f au l t ,  an znalog of the well-known Snn Andreas Fault of  Ca l i fo rn ia  
(fig. 6-6). F ie ld  evidence about t h e  na ture  of t he  Atacama Fau l t  includes 
(s) l i n e a r i t y  of t h e  fault  rier hundreds irf ki lometers ,  ( 2 )  r i f t  topography 
wi%h no cons i s t en t  d i f f e r e n t i a l  e levat ion  across t h e  f a u l t ,  ( 3 )  dextral. s t r e a m  
o f f s e t s  near  Salar Qrande ( f i g .  6-12), and ( 4 )  widespread hor izon ta l  s l i c k e n -  
sides with rakes averaging 29' ( r e f .  6-6). The most recent  a c t i v i t y  along t h e  
Atacama Fault, however, has been normal, as ir,dicated by small fault scarps i n  
recent  alluvium. Conjugate, northeast-trending, l e f t - l a t e r a l ,  s t r i k e - s l i p  
faults break t h e  Atacama Fault at  severa l  l o c a t i o n s ,  most notably along t he  
Cammanes Fault and assoc ia ted  f a u l t s  between Arica and lquique ( f i g .  6-12). 
A left-lateral offset of t h e  Atacama Faul t  a l s o  o c c t ~ r s  along t h e  southeast-  
t rending Tal ta l  Fau l t  ( f i g ,  6-14) f a r t h e r  south.  The l a r g e s t  demonstrable 
recent lateral o f f s e t s  a r e  on t h e  northeast  c ross  f a u l t s :  0.4 ki lometer  of 
r i g h t - l a t e r a l  s l x e m  offset along t h e  Camarones Faul t  ( f i g .  6-12) and 1 . 5  k i l o -  
m e t e ~ s  of  l a t e r a l  offset along a para l l e l  f a u l t  1 0  ki lometers  t o  %he e a s t  
( r e f .  6-6). 

The i n t e n t  of Skylab 4 observations of t he  Atacama Fau l t  was t o  determine 
the exact  nature of the  fault and t o  map its p o s i t i o n ,  d i r e c t i o n  and amount of 
movement, and i n t e r r e l a ~ i ~ n s h i p s  with other  fmlts.  Preliminary examination 
of Skylab 4 photographs has revealed the  following information about t he  Atacama 
Fault  area. 

1. The Atacama Fau l t  appears t o  be discontinuuus, made up of a ser ies  of 
en echelon segments, p a r t i c u l a r l y  i n  t h e  a rea  immediately nor th  of Antofagasta 
f i g .  2 Such d i scon t inu i ty  makes large-scale recent 1a"cral movement 
along t h e  Atacama Fau l t  very unlikely. 

2 ,  Poss ib le  Andean f ronta l  f a u l t s  ( f i g s .  6-13 t o  6-16), previously unknown 
i n  northern Chile,  can be seen i n  t h e  photographs and were q u i t e  conspicuous t o  
t h e  crew. Such Andean f r o n t a l  f a u l t s ,  probably normal, may mark t h e  e a s t e r n  
side of a graben similar t o  t h e  cent ra l -va l ley  graben of southern Chi le .  The 
western side may be bounded by t h e  Atacama Faul t .  Further study is  needed on 
t h i s  po in t .  

3. A l a r g e  number .JI' ineArs t h a t  have been ~mrecognized i n  f i e l d  mapping 
can be seen c rosscu t t ing  the Atacama Fau l t  i n  the v ic in iw,  of T a l t a l  
( f i g s .  6-13 arid 6-14). Thso~ l i n e a r s  may be a d d i t i o n d  cross f a u l t s  d i sp lac ing  
the Atacama t rend .  Analysis  of t h e  a t t i t u d e  of t h e s e  features and t h e i r  of f -  
sets  should f a c i l i t a t e  an analys is  of t h e  s t r e s s  patterns of northern Chile. 

Some of these  observations independently confirm the results of extens ive  
f i e l d  work by Arabasz ( ref .  !:-.-2). 

The crewmen were unable t o  abserve the Taltal Fau l t  even though they 
repeatedly  searched for i.,., and t5ey had d i f f i c u l t y  i n  recognizing t h e  Atacama 
Fault Zone. Recently gained knowledge and t h e  Skylab observations attest t o  
t h e  f a c t  t h a t  t h e  Atacama Faialt i s  riot a s imple ,  continuous, s t r i k e - s l i p  f a u l t  
zone, such as the  San .'lndreas Fault of Ca l i fo rn ia ,  b u t  i s ,  ins tead ,  a strike- 
s l i p  f a u l t  zone that today i s  being fragmented by faults of d i f f e r e n t  t rends  
and displacements. 



CAUCASUS REGION, RUSSIA 

From a geologica l  s tandpoint ,  same of t h e  most i n t e r e s t i n g  photographs 
ava i l ab le  t o  d a t e ,  taken by t he  Skylab 4 crew, a r e  those  of t h e  Caucasus region. 
Despite snow and cloud cozrsr, t h e s e  pho40graphs show a set of north-northwest- 
t r end ing  l i n e a r s ;  f i g u r e  6-17 i s  an example. Figure 6-18 i s  on explenatory map 
of t h e  area shown i n  f i g u r e  6-17. Most of t h e  published l i t e r a t u r e  on t h e  
Caucasus region i s  i n  Russian, and t he  l i t e r a t u r e  reviewed t o  date does not 
i n d i c a t e  the cross-trendl ' i~g l i n e a r s .  The g r e a t e r  abundance and c l o s e r  spacing 
of  t h e  l i n e a r s  a t  the  +ends i n  t h e  Caucasus Range and t h e i r  near-right-angle 
r e l a t i o n s h i p  t o  t h e  a x i s  of the range make it appear t h a t  they represent  off-  
s e t s  of the  mountain system similar t o  those  commonly seen along t h e  bend of 
a s i n g l e  fold. Such fea tu res  &re expectsble bu-L have never been photographed 
or documented before. 

OPERATIONAL RESULTS 

Photographs do not capture everything t h a t  can be seen by t h e  eye. In  
p a r t i c u l a r ,  t h e  movement of thz spacecraf t  permits  t h e  eye t o  i n t e g r a t e  t h e  
t e r r a i n  f e a t u r e s  as seen through a p a r t i a l  cloud cover, whereas t h e  camera sees 
on ly  a s p e c i f i c  moment and clouds may dominate t h e  scene. Thus, verba l  descrip- 
t i o n s  of' p a r t l y  cloud-covered arers appear t o  be  bes t  f o r  de l inea t ion  of t r ends ,  
o b j e c t s ,  and so f o r t h ,  although stereophotographic sequences might a l s o  pene- 
t r a t e  t h e  cloud cover and thus  permi* l a t e r  d e t a i l e d  ana lys i s  of t h e  t e r r a i :  
f e a t u r e s .  Fur the r ,  t h e  eye p icks  up t e x t u r a l  d e t a i l s  not  v i s i b l e  on t h e  
photograph. 

Low Sun angles  enhance s t r u c t u r e s  by shadowing, whereas high Sun angles 
enhance color  d i f f e rences .  The Skylab 4 high-Sun-angle photographs of the  
Atacama Fault Zone aided i n  t h e  d iscr iminat ion  the reof ,  whereas the  e a r l i e r  
Apollo 7 photographs ou t l ined  the zone b e s t  by t h e  shadowing and ob l iqu i ty  of 
view. 

Oblique photographs a r e  b e s t  f o r  showing t h e  r eg iona l  framework but  
genera l ly  do no t  reveal  d e t a i l s  of geology unless viewing i s  or iented  along a 
l i n e a r  f ea tu re  i n  proper l i g h t i n g .  The crewmen commented t h a t  s i t e s  must be 
w i t h i n  approxinate1.y 500 ki lometers  of t he  gxmoundtrack t o  be adequately 
observed o r  photographed. Because of the  s h o r t  viewing t ime f o r  any one geo- 
graphic l o c a l i t y  (30 t o  40 seconds Gn skylab) ,  t h e  choice between v i s u a l  
observation and photzgraphy must be made i n  advance. 

The progress ively  developing a b i l i t i e s  of the crewmen t o  recognize f a u l t  
zones ( e . g . ,  t h e i r  recogni t ion  of major f a - d t  zones i n  Ind ia  and B r a z i l  w i t h -  
out prior b r i e f i n g )  suggest t h a t  a more in tens ive  $ra in ing program would have 
enabled them t o  work e f f i c i e n t l y  from the  beginning of t h e  mission, would have 
inproved t h e  q u a l i t y  and quan t i ty  of o b s e r v a ~ i o n s ,  and would have increased 
t h e i r  understanding of t h e  observed features. 



Figure 6-17.- Photograph of a part of the Caucasus Mountains 
(8~4-138-3872 ) , 
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Figure 6-18. - Explanatory map of figure 6-17 showing linear s 
(which cut across the range) t h a t  are interpreted to be cross 
faults. Heavy dashed line is a l inear  that coincides w i t h  E 

mapped faul t  . 



Tne crewmen noted (1) a need for nore briefing in rapid recognition of' 
gcogra2hic localities, to eliminate the approximately 20-day orientation 
period, (2) a need far better maps and annotated photographs, (3) the inade- 
qvacy of the viewing station, ( 4 )  their observations were hampered by the neec 
to sel~ct the camera and lens, and (5) the debriefing of each photograph fur- 
t h e r  hampered observation. A correction sf these inadequacies and obstructive 
factors would sxbstantially improve the efficiency and effectiveness of visual 
observations. More verb~l interplay between the crewmen and scientist d u r i n g  
the mission is desirable to enable the crewmen to follow up on observations. 

RECOMMENDATIONS 

Stereopairs,  ith her vertical or oblique, best show geologic features and 
are preferred over singlc photographs. Observation or photography should be 
planned in advance. If cirrus clouds coves an area, observation may be more 
useful than photographs; if the area is clear, photographs should be taken. 
The crewmen should have near-rcal-time communication with the ground to better 
apprise the Scrence Team of observations made and to receive recommendations 
on how to best follow up previous observations. 

Maps could be improved by eliminating unnecessary cultural features and 
by enhancing those features visible from space; annotated photographs from 
previous Earth-orbital missions are the best base. Correct camera/lens/filter 
cambinations should be predetermined, and lenses should be rapidly intec- 
changeable. Fully automated cameras vith remote-control capabilities would 
allow crewmen of future missions to observe the photographic objective at all 
t imes .  Frame and magazine nuqbers, as well as time and position, shoulc? be 
automatically recoyded to allow the crewmen the freedom to carry on observa- 
tions. More training on the quick recognition of geographic position is needed 
to elintinate the approximately 20-day orientation period. This period could be 
substantially reduced by the use of existing space photographs to construct 
exercises on recognition of key areds and features. 

The pilotographs studied thus far demonstrate that tropical (i.e., high 
humidity) regiocs require different film, filters, or camera settings than 
those currently used. 
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7. PRELIMINARY REPORT ON GEOLOGIC INVESTIGATIONS 

OF SOUTHWESTERN NORTH AMERICA 

a a a a 
Leon T.  S i l v e r ,  T. H. Anderson, Clay Conway, and Jay Murray 

A brief geology experiment w a s  par t  of t h e  Visual  Observations Project  of 
t h e  Skylab 4 mission. I n  general ,  t h e  experiment was designed t o  determine ';he 
e f f e c t i  2ness of man as a s c i e n t i f i c  observer of Earth surface fea tu res  from a 
space platform and, i n  par t icu lar ,  t o  inves t iga te  some bas ic  s c i e n t i f i c  prob- 
lems i n  southwestern Nor th  America. The crewmen made 110 verbal  observations 
and took more than 300 photographs, with haniLle1.d (HH) cameras, of a l l  desig- 
nated study areas and some s i t e s  o f  opportunity over the region. To da te ,  
pos i t ive  trnnsparencies of a l l  pe r t inen t  photographs from f i v e  of t he  e ight  
Easselblad da ta  camera (HDC) 70-millimeter magazines and cunplete t r an sc r i p t s  
of t h e  crewmen's re levan t  comments are avai lable .  The remaining th ree  Hassel- 
b lad  magazines and t he  Nikon 35-millimeter magazines nr ' \ng.processed. The 
r e s u l t s  of t h e  study of these  date. will be incorporatcl. \ the  f i n a l  report;  
however, the preliminary analyses ind ica te  some importn? , , ; latributions t o  the  
understanding of major f a u l t  s t r uc tu r e s  and w i l l  be d iscu+sed i n  t h i s  repor t .  

The objectives of t h e  geologic port ion of t h e  Visua l  Observations ro j ec t  
were  r e l a t e d  t o  man's capab i l i t i e s  as a discriminating and organized observer, 
spontaneous experimenter, explorer ,  and di:coverer from t h e  vantage pa in t  of 
an Earth-orbiting space platform. T h i s  report i s  concerned w i t h  t h e  extent  and 
effect iveness  with which the crewmen exmined and photographed the designated 
study a reas .  The scope of t h i s  section i s  d i c t a t ed  by t h e  l imi ted opportuni- 
t i e s  thus  far t o  examine and synthesize t h e  t o t a l  product and t o  re tu rn  t o  the  
crewmen f o r  f u r t he r  discussions.  

The Science Team member f o r  t h e  Visual Observations geologic s tud ies  and 
his colleagues prepared a series of 11 operational exercises and study areas i n  
t he  southwestern United Sta tes  and northwestern Mexico, each b u i l t  around a 
base photograph from Apullo and ear1Jer Skylab missions. T h ~ s e  exercises were 
reorganized into seven study problems by t he  Visual Observations Project  Team 

a Cal i lornia  I n s t i t u t e  of Technology. 



L b  t NASA Lyndon B. Johnson Space Center (JSC) and were then incorporated 
; . . t h e  Visual Observations Book as specific handheld camera s i t c s .  

P re f l igh t  review of t h e  Visual Observations Book with t h e  Skylab 4 lrewmen 
w:t!t l imi ted  t o  one afternoon sess ion  f o r  a l l  ca tegor ies  of v i s u a l  obser~ra t ions  
ekyeriments. Bowever, some oppor tuni t ies  f o r  i n - f l i g h t  communica-tions t o  t h e  
c :.r*men were provided. 

PRrnIMINARY ASSESSrnNT OF MISSION rnSULTS 

A number of important po in t s  r e f l e c t i n g  t h e  p o t e n t i a l  of v i s u a l  observa- 
t i o n s  and t h e  techniques necessary t o  r e a l i z e  t h a t  p o t e n t i a l  can be derived 
from t h e  i n - f l i g h t  performance and recorded comments of t h e  crewmen and from 
t h e  ava i l ab le  photographs. A major prel iminary o b ~ e r v a t ~ i o n  is t h a t  human 
visual perception appears t o  equal o r  exceed nos t  photographic techniques,  in-  
cluding those  of mapping cameras, i n  perceiving color and t e x t u r a l  con t ras t s .  
Another inlportant observation i s  t h a t  t h e  r e t u r n  from visual observations can 
b e  great,ly enhanced by adequate p r e f l i g h t  crew t r a i n i n g  and prepara t ion .  The 
crewmen demonstrated i n t e r e s t  and exper t i se  i n  performing t h e  experiment and 
t h e i r  continued p a r t i c i p a t i o n  i n  t h e  analysis of t h e  r e s u l t s  w i l l  be 'va luable .  

I d e n t i f i c a t i o n  of Designated S i t e s  

The crewmen quickly es t ab l i shed  t h e  geographic l o c a t i o n  and i d e n t i f i e d  t h e  
major geologic f ea tu res  i n  most of t h e  designated s i t e s  ( f i g s .  7-1 and 7 -2 ) .  
The f a u l t  systems of Ca l i fo rn ia  ( ~ ~ 1 0 8 )  and of Baja Cal i fo rn ia  ( ~ ~ 1 1 1 )  were 
repeatedly observed and photograpl?ed. All t h e  s i t e s  i n  Sonora, Mexico ( ~ ~ 1 1 2 ,  
HN113, and ~ ~ 1 1 4 )  were examined and photographed. Some photographs of c e n t r a l  
and southeastern Arizona ( ~ ~ 1 2 5  anC ~ ~ 1 2 6 )  were obtained.  I n  add i t ion ,  t h e  
crewmen s e l e c t e d  and geographical ly i d e n t i f i e d  a number of add i t iona l  photo- 
graphic s i t e s  i n  t h e  region t h a t  d isplsyed use fu l  geologica l  information. 

Verbal Commentary 

The crewmen recorded comments pr imar i ly  t o  i d e n t i f y  t h e  s i t e s  t h a t  were 
photographed, t h e  Greenwich mean time of  t h e  photograph and t h e  recording,  t h e  
photographic condit ions,  and t h e  camera s e t t i n g s .  I n  genera l ,  desc r ip t ive  and 
i n t e r p r e t a t i v e  comments were subordinate.  A listing of observations by geo- 
g r a ~ h i c a l  a r e a  i s  given i n  t a b l e  7-1. 

Photographic Summary 

The crewmen obtained in tens ive  photographic documentation of a l l  s tudy 
a reas  and of  o the r  geological  f e a t u r e s  of i n t e r e s t  t o  them. For t h e  s p e c i f i c  
s tudy areas ,  t h e  p rov i s iona l  count from the  t r a n s c r i p t  is given i n  t a b l e  7-11, 



Figure 7-1.- Shaded a r e a s  represent study sites in Cali fornia  and 
Nevada (H-I~cS) .  



Figure 7-2.- Shaded areas represent s t u w  s i tes  in BaJa Cal i fornia  and 
Sonora, Mexico ( ~ ~ 1 1 1 ,  HH112, HH113, and ~ ~ 1 1 4 )  and the southwestern 
U r l i s e l l  S ta tes  (111il25, ~ 1 i i ~ 6 )  . 



TABLE 7-1.- REZPIL-TIME CREW C0BIMF:NTS ON VISUAL OBSE3VATIONS SITES 

Feature 

3aja California and t he  G u l f  

of C a l i f o r n i a  (~~111) . . .  
Sonora, Mexico ( ~ 1 1 2 ,  HH113, 

and ~ ~ l l h )  . . . . . . . .  
Ar2zona ( ~ ~ 1 2 5  and 

, m 2 6 )  . . . . . . . . . .  
San Andreas Fault ar.d re la ted  

I f a ~ ~ I - t s ( ~ H l 0 8 )  . . . . . .  

No. of times 

rnent ioned 

No. of observations 

01 nearby s i t es  

TABL2 7-11.- PHOTODOCUMENTATION OF MEXICO 

AND THE S O I J T ~ ~ S T ~  U N I T D  STATES 

Feature 

Baja C a l i f o r n i a  (~~2.11) . . . . . . . . . .  
Sonora, Mexico ( H H U ~ ,  HH113, 

and HHLL~) . . . . . . . . . . . . . . .  
Arizgna ( ~ ~ 1 2 5  and 1311126) . . . . . . . . .  
San Andreas Fault and re la ted  

faults ( ~ ~ 1 0 8 )  . . . . . . . . . . . . .  
Total 

No. of frames taken 

158 

7 7 

8 

72 

515 



Many of these frames are sufficiently obl ique  an>l cover large enough areas 
t h a t  they  may be useful i n  several i r ~ v e s t i c a t i o n s .  A reflew of t h e  a v a i l a b l e  
photographs has i nd i ca t ed  t h a t  t h e  coverage of t h e  d e s i ~ n f ~ t t e d  study area will 
prob~bly be almost 100 percent .  Figures  '7-3 Lo 7-5 p i m  t t  .: l o c a t i o n s  of 
43 frames taken  over Mexico and -the southwestern United Bk~i.r,es. A comparison 
of t h e  sites shown i n  these figures wi th  t h e  des igna ted  t i t e s  shown i n  f ig-  
ures 7-1 and 7-2 r evea l s  how thoroughly the  areas were pn:)tograplied. 

Examination of f l g u r e s  7-3 t o  7-5 indicates t h a t  r e l h t i v e l y  few photographs 
a re  redundant.  Varying cond i t i ons  of l i g h t i n g  and cloud cover j u s t i f y  much of 
the overlapping photography; a h a s t  every photograph shows s p e c i f i c  und unique 
f aatures . 

Crew Debr ie f ing  

The 4-hour crew d e b r i e f i n g  on geo log ica l  observa t ions  was i n f o r n a t i v e  and 
product ive.  The deb r i e f ing  t r a n s c r i p t s  a r e  imporcant documents and should be 
available f o r  fu tu re  mission planning.  Although most of t h e  ques t ions  were 
based on cursory studies, they were r ece ived  and handled well by t h e  crewmem- 
b e r s .  The most e f f e c t i v e  discussions concerned the improvement of  Earth- 
o r i e n t e d  v i sua l  observa t ions  s t u d i e s  i n  future space  missions and s p e c i a l  
recommendations for the  Apollo-Soyux Test  P r o j e c t  (ASTP). It is evident t h a t  
as the  analyses of photographs and commentary cont inue ,  a d d i t i o n a l  exchanges 
with t h e  Skylab 4 crewmembers will enhance t h e  s c i e n t i f i c  yield from %he Visual 
Observations Project . 

ACHI-NT OF EXPERIMENT OBJECTIVES 

S c i e n t i f i c  Resu l t s  

The crewmen focused i n t e n s i v e l y  on t h e  var ious  f a u l t  s y s t e m  i n  t h e i r  
designated study areas. I n  t h e  geology deb r i e f ing ,  t h e  crewmen emphasized t h a t  
t h e i r  a t t e n t i o n  w a s  drawn by t h e  s*rang topcgraphic expression of several o f  
these faults, especially the San Andreas and San J a c i n t o  F n d t  Zones i n  C a l i -  
fo rn ia  ( ~ ~ 1 0 8 )  and the Agua Blanca Fau l t  Zone i n  Baja California, Mexico 
(~~111). These f a u l t s  can be i d e n t i f i e d  i n  figures 7-6 and 7-7. 

The Agua Blanca Fau l t  Zone ( f i g s .  7-8 t o  7-11) was first ident if ied by the 
Principal I n v e s t i g a t o r  and h i s  co l leagues  approxima1;ely 20 years ago. It 
clearly i s  one of t h e  major r e g i o n a l  s t r u c t u r e s  related t o  the r e c e n t  geologic 
h i s t o r y  of  Baja Cal i fornia  and the Gulf of C a l i f c r n i a .  The eastward projection 
and t h e  sense o f  r e l a t i v e  motion of  t h e  two different branches a r e  unresolved 
problems. The crewmen were asked t.o l o o k  f o r  l i n e a r  f e a t u r e s  t h a t  might be 
eastward ex tens ions  01' t h e  fault. They c a r e f u l l y  s c ru t . i n i zed  the r eg ions  east 
of San Matias Pass ( f i g s .  7-10 and ?-11) i n  t h e  Vnlle $an F e l i p e  and alone 
+.he coastline of t h e  Gulf of  C a l i f o r n i a .  The crewmen observed no features tha t  
seemed t o  be possible ex tens ions  of the f a u l t  system. This confirmed t h e  
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F i ~ e  7-3 .- Handheld photogre~hic s i t e s  in t h e  southwc~tcyr, TTcl"r 1 yt7'.-.- 



Figure 7-4.- Handheld photogra~hic s i tes  i f i  the soutl~western United 
- .  Z",tes and :+:exino. L\r;lylr: ;?:ay :'z.:- : ~ , y : k ~ l z  :s ;;-:+2yi L 2  :':.,-:~-c? i - - 
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Figure 7-5.- Map of Mexico and t he  southwestern United S t a t e s  showing 
areas of : Sotographs taken by t h e  Skylab h crewmen. 



F i g u ~ n  7-6.- Photograph o r  major f a u l t  zones in the southwestern 
United S t a t e s  and Mexico (sL~-136-3438]. 
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Figure  7-7. - Explanatory map of major fault zones visi'ole in f i w e  7-6. 



Figure 7-8.- The Agua B l a n c ~  Fau l t  Zone in Baja California, Mexico 
(~~4-1>6*3480) . 





Figure 7-10.- Photograph of the area in which $he crewmen searched 
for a possible eastward extecsion of t h e  Agua Blanca Fault Zone 
(~~4-143-b603). 
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GULF OF CALIFORNIA 

Figure 7-11.- Explanatory map of t he  area shown in figure 7-10. 
Tne s i t e  of planned ground studies is indicat.ed. 



r e s u l t s  of the ea r ly  s t u d i e s  of t h e  a r e a  t h a t  were conducted when no maps o r  
photographs existed. Fur ther  f i e l d  s tud ies  based on t h e  photographs and t h e  
observations o f  t h e  Skylab 4 crew a r e  planned. 

The s ign i f i cance  of t h e s e  observations l i e s  p r i n c i p a l l y  i n  t h e  in te rp re -  
t a t i o n  of t h e  genesis  of  major r eg iona l  f a u l t s .  The Agua Rlanca Fau l t  would 
appear t o  have developed as a short- l ived transform f a u l t  during t h e  progres- 
sion of t h e  eas te rn  P a c i f i c  r i s e  Trom west of t h e  Ca l i fo rn ia  coas t  t o  i t s  
present  p o s i t i o n  in t he  Gulf of California. Observations made by t h e  crewmen 
are rslevant to t h i s  hypothesis .  

The photographs suggest a need for f i e l d  inves t fga t ions  in a leg ion  e a s t  
of the  Salton Sea (fig. 7-6), where some evidence f o r  displacement on an impor- 
t a n t  east-west f a u l t  is seen,  A ground study of t h i s  region i s  being planned 
( f i g *  7-TL 

Operational Aspects of t h e  Visual Observations P ro jec t  

The e f fec t iveness  sf any program depends on the personnel involved; t h e i r  
i n t e r e s t ,  s c i e n t i f i c  t r a i n i n g ,  observat ional  powers, and p r e f l i g h t . p r e p a r a t i o n  
are key aspects .  The Skylab 4 crewmen demonstrated a high degree of i n t e r e s t  
b ~ b h  i n  t h e  Visual Observations Pruject and i n  t h e  geologic questions t h a t  
concerned s p e c i f i c  s i t e s .  

The s c i e n t i f i c  background of  t h e  Skylab 4 crewmen varied Trom sound for  
t h e  commander and t h e  p i l o t  t o  outstanding f o r  the science p i l o t ,  They c l e a r l y  
understood the nature o f  observat ional  techniques and t h e  as soc ia ted  induct ive  
logic .  For geological  sc iences ,  t h e  crewmen lacked a basic f a m i l i a r i z a t i o n  
with geologic phenomena; t h i s  could have been remedied by longer preparation 
Tor observat ional  t a sks .  

The prepara t ion  o f  the crewmen f o r  t h e  Visual Observations P ro jec t  w a s  
minimal. The crewmembers recognized this and,  during debr ief ing  sessions,  
discussed t h e  need f o r  a longer ,  more in-depth t r a i n i n g  program. The Visual  
Observations Book was extens ive  and d e t a i l e d  and was designed t o  keep t h e  crew- 
men constant ly  aware of t h e  contLL~gencies t h a t  pe r t a ined  t o  the observations.  

The observat ional  powers o f  the crewmen were exceptional .  Combined wi th  
t h e i r  i n t e r e s t  and enthusiasm, t h e s e  capa 'o i l i t i e s  have produced some outstand- 
ing  photographic s t u d i e s .  The q u a l i t y  of t h e  t r ansc r ibed  comments, i n  compari- 
son with t h a t  of t h e  photographs, may r e f l e c t  a l ack  of confidence by t h e  
crewmen i n  t h e i r  cammanil of t h e  d iverse  s c i e n t i f i c  su%ject  mat ter .  The f a c t  
that the  crewmembers quickly recognized and i d e n t i f i e d  t h e  geologica l  f e a t u r e s  
that they  were t r a i n e d  t o  identLfy re in fo rces  t h e  belief' t h a t  more extensive 
p r e f l i g h t  prepara t ion  would have been b e n e f i c i a l .  

The Skylab 4 c.:~.?.?en used many new techniques f o r  v i s u a l  observations and 
photography; these  techniques w i l l  be t r e a t e d  at  length  i n  t h e  f i n a l  r e p o r t .  
The crewmen have s t r e s s e d  t h e  importance cf t h e  f z c t  t h a t  photography cannot 
rn?.t?h t k  r: 'f~zl;l-r?n?rz -f 3 c  k.~?:.n -!:.: <r. y r c ~ i v i n g  color, t e x t u r e ,  znd form 
n i  s2r8r'a?e p;'1?ri.~erl:+ . 



I n  the geology debr ie f ing  session of March 12 ,  1974, t h e  Skylab 4 comrnan- 
der made the fol lcwing comments: 

1 I L e t  me say J u s t  one thin;: t o  you. I t h i n k  t h e r e  i s  one f a l l a c y  
we f e l l  t o ,  and t h a t  was t h e  tendency t o  depend on t h e  photographs. 
Wetve got ten  back and we've looked a t  t h i s  photography now. It 
doesn ' t  capture everything t h a t ' s  t h e r e  and I think you guys under- 
stand t h a t .  I don ' t  think w e  understood it as w e l l  as we should 
have before we l e f t .  Save of t h e  s t u f f  ve have lookec' 4-1; j u s t  does 
not  hold a candle t o  what you can r e a l l y  see  w i t h  t h e  old bK [ ~ a r k l -  
V I I I  eyebal l .  And t -h i s  i s  something we are going t . 3  have t o  do i n  
future programs, and t h a t  i s  ei-hher t o  ge t  b e t t e r  pi~cr,ography o r  
start t r a i n i n g  a little bit more toTxards being able  ZJ get  verbal  
desc r ip t ions  of  what you'ra looking at ,  because these  pictures j u s t  
d o n ' t  have a l l  of it at all." 

SOURCES OF INFORMATION 

The preliminary results of t h e  Skylab 4 geologic inves t iga t ions  are based 
on t h e  examination of t h e  following data. 

1. The Visual  Observations Book 

2. Skylab g r o ~ ~ i l d t r a c k  map (mission chart ) 

3. Transcript ions of real-time and recorded cormnents by t h e  Skylab 4 
crewmen 

4. Data logs  of handheld photographs prepared and updated on the  ground 
during the mission 

5 .  Summary and d~scsiption of  the completed visual observations and hand- 
held photographs prepared by the  JSC Science Team members 

6. Scene i d e n t i f i c a t i o n s  of handheld photographs a c c o r d i ~ g  t o  geographic 
loca t ion  

7. Video tapes  of Sarth-looking scenes (sL&-164, SL~-175,  and SL~-186) 

8. Handheld photographs from HDC magazines 136 t o  139 and 143 

9. Handheld and Ear th  resources experiment package photographs from t h e  
Apollo 6, 7,  and 9 missions and from the Skylab 2 and 3 missions 

10. Skylab 4 crew debr ief ing  of March 12: 1974 

11. Previous field s tud ies  by t h e  authors 



CONCLUDIBG REMARKS 

The experiences of t h e  Skylab 4 crewmen have made an excellent beginning  
i n  establishing t h e  operational  requirements for  en effect ive Visual Observa- 
tions Project, and scientists will p r o f i t  from botk. the  def ic iencies  and the 
successes of t h e  Skylab 4 u i s s i o n .  A conparative analysic of photographic 
c apab i l i t i e s  as opposed t o  h~unan capab i l  t ies  i n  Earth observations will a i d  i n  
opt imizing future visual observations te~hniques. 



8. VOLCANOES -4ND VOLCANIC LANDFORMS 

J u l e s  D. ~ r i e d m a n , ~ ~  David G .    rank ,b and Grant Iieikenc 

Refore t h e  Skylab 4 l i f t - o f f ,  the crewmembers were b r i e f e d  on t h e  scfen- 
t i f i c  s ign i f i cance  of volcanic  f e a t u r e s  and on t h e  types of dynamic volcanic 
processes,  such as erupt ion  clouds,  that should be described and photographed. 
A s  an aid f o r  t h i s  t a s k ,  the  onboard data package included a map showing the 
l oca t ion  of t h e  volcanoes t h a t  were expected t o  be  a c t i v e  during the mission 
and a l i s t  o f  volcanic Landforms t o  be photographed. This  r epor t  describes the 
r e s u l t s  of a preliminary assessment o f  t h e  Skylab b Hasselblad 70-millimeter 
photographs and of t h e  t r a n s c r i p t s  of t h e  crewmen's observations of t e r r e s t r i a l .  
volcanoes and volcanic landforms. 

During postmission debr ie f ings ,  the crewmen provided s v a l u ~ b l e  assessment 
of t h e  information contained i n  t h e  70-millimeter t ransparencie i  i n  r e l a t i o n  t o  
t h a t  perceived from o r b i t  by t h e  unaided eye o r  through binoculars .  Color 
c m t r a s t s  and shape ' r a r i a t ions  seen by the crewmen from o r b i t  may not be 
discernib le  i n  the  t ransparencies .  However, the transparencies have the  
advantage of a v a i l a b i l i t y  f o r  extended q u a n t i t a t i v e  study.  The crewmen 
commented t h a t  the level. o f  d e t a i l  seen from o r b i t  was equivalent  t o  t h a t  seen 
i n  the  stereophotographs. The color  of volcanic features recorded on film 
depends on a v a r i e t y  of  factors {e .g . ,  l i g h t i n g  cond i t ions ) ;  the re fo re ,  t h e  
color shown i n  the  photographs nay o r  may not accura te ly  reproduce t h a t  seen 
from Skylab. A Sun angle of  20' o r  l e s s  i s  optimum f o r  viewing and photo- 
graphing volcanic su r face  features and eruption clouds. The low Sun angle 
enhances low-rel ief  f e a t u r e s ,  whereas a high Sun angle and low phase angle 
provide optimum d e f i n i t i o n  o f  color  c o n t r a s t s .  

SIGIfIFICANT OBSERVATIONS 

The most s i g n i f i c a n t  volcanologic observations and photcgraphs were 
obtained over t h e  erupt ing  volcano Sakure-zima i n  southern Kyushu, Japan,  and 
t h e  inaccess ib le  Bolivian-Chilean-Argentine volcanic Z i e l d s  . Excellent 
photographs were also acquired of t h e  T i b e s t i  Massif i n  Chad and of t h e  
volcanoes i n  Oregon, Washington, Hawaii, and t h e  neovolcanic axis  of Mexico. 

%.s. Geological Survey, Dznver, Colorado. 

b ~ .  S. Geological Survey, Tacoma, Washington. 
C 

NASA Lyndon 3. Johnson Space Center. 
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' ~ r i n c i ~ a l  Inves t iga to r .  



Sakura-zima , Japan 

Among t he  most valuable photographs of volcanic a c t i v i t y  made from Earth 
o r b i t  a r e  those obtained by t h e  Skylnb 4 crewmcn that show the i s l a n d  o f  
Kyushu, Japan, and the  a c t i v e  volcanoes Turumi ,  Kuzyu, Aso, K i r i s i m i t ,  Unzen, 
Kairnon, and Sakura-zima. Sakura-zima (fig. 8-l), i d e n t i f i e d  by t h e  whi t i sh  
e rup t ive  cloud, Is i n  Kagoshima Bay at t h e  south end of Kyushu and c o n s i s t s  of 
three overlapping s t r a tovo lcmoes .  Ac t iv i ty  has been recorded at t h i s  vo l ca r !~  
s i n c e  the year 708;  recent  erupt ions  have cons i s t ed  mostly of pyroc las t i c  
a c t i v i t y  a t  Winami-dake (south Peak) where 1 t o  13 erupt ions  a day have 
occurred interspersed with the qu ie t  r e l e a s e  of  fume clouds.  The maximum 
e leva t ion  reached by the  t ephra  clouds was 4 kilometers  above the vent 
(ref. 8-1). An isthmus, formed i n  1914 by lava flows, connects t h e  i s l a n d  of 
S~kura-zima with Kyushu. Since t h e  1914 erupt ion,  t h e  a c t i v i t y  has s h i f t e d  t o ,  
and has been l o c a l i z e d  a t ,  t h e  summit of Minami-dake, as  shown i n  f igure  8-1. 
However, during Pleistocene Lime, the  volcanic  activity of proto-Sakwa-zima 
occurred a t  a point  LO kilometers nor theas t  of' t h e  p resen t  Sakura-zima volcano. 
The semicircular  form of the  nor theas tern  shore l ine  of &go-shima Bay may 
represent  t h e  outlifie of t h e  older ca ldera  formed before t h e  present loca t ion  
of Sakura-zirna. The Skylab photopaphs thus document t h e  southwestward s h i f t  
i n  the  focus of  volcanic a c t i v i t y  now concentrated at t h e  Minami-dake summit 
of Sakura-zima. 

On Sanumy 7 ,  1974, t h e  Skylab 4 crewmen observed t h a t  Sakura-zima was 
erupt ing  and subsequently described and photographed ( f ig .  8-1) the e n t i r e  
eruption cloud. Control of t h e  eruption cloud movement by winds was evident  
i n  the  following descr ip t ion  by the  commander ( C D R ) :    he smoke was flowing 
straight s.outheasl from the volcano over the  southeast  corner of  Kjrushu. As 
soon as it reached the' x e m ,  it began t o  d i f f u s e  and bi l low." The eruption 
cloud was not continuous but  w a s  a series of "puffs" poss ib ly  corresponding t o  
paroxysms spaced a few seconds apart. Afte r  crossing the O s u m i  Peninsula and 
reaching t h e  ocean, -the cloud moved nor theas t  and was d ispersed  by s t rong  
winds. The width of the  fume pattern appears t o  be two  t o  t h r e e  times t h a t  of 
the white cloud. 

On January 8, lG74, 24 hours after the  i n i t i a l  desc r ip t ion  of  t h e  
Sakura-zima plume, t h e  CDR photogrkphed t h e  plume agair. (fig. 8-2) and 
described it as "diffused,  covering a much larger area." The plume p a t t e r n  
w a s  similar t o  t h a t  observed on January 7 ;  the crewmen estimated t h e  white or 
t a n  cloud was approximately 240 k i l m e t e r s  long. 

I n  f igure  8-2, the volca*ic plume i s  continuous until it reaches t h e  
ocean where it turns northeas5 ar:d i s  dispersed .  The length  of  t h e  visible 
cloud in t h e  photograph i s  estin~tted t o  be 285 k2lometers. The degree of 
dispers ion  i s  evident i n  t h e  width of t h e  c l aud ,  Near the vent,, %he :l.;u! .I; 
approximately 4 kilometers wide; a t  172 ki lometers ,  the  cloud is  db k i l ~ r . e t e x - ~  
wide and i s  dispersed i n t o  1- t o  8-kilometer-wide p a r a l l e l  bands, 

The Skylab photographs of  t h e  plume are s i g n i f i c a n t  f o r  severs1 reasons. 
First, they  documant the  type and extent  o f  a Sakura-zima c r u ~ t i c r .  p.;rr.c. frr~rn 
Ea-rth o r b i t .  Seconi, they  c o n s t i t u t e  synoptic  d a t a  s u i t a b l e  f o r  s t u d j i n g  an 



F igu re  8-1.- North-facing oblique view of the island of Kyushu, Japen. 
'Sfne eruption cloud from the  Sekura-zima Volcano ( A )  i s  moving sou theas t  
across the Osumi Peninsula and is t hen  dispersed over the  Pacific 
Ocean. Other caldera-stratovolcanic complexes i n  the photograph are 
Kaimon ( B ) ,  Kirisima ( c ) ,  Aso ( D ) ,  and Kuzyu (E )  (sL~-139-3942), 
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Figure 8-2.- West-facing obliq~ze view of Kyushu Island, Jhpan, and 
Sakura-zima Volcano. The eruptLon cloud moves southeast across 
the  Osumi Peninsula and i s  dispersed to the  northeast over the 
Pacific Ocean (sL~-139-3972). 



C/ en t i r e  eruption cloud, The cur l ing ,  t w i s t ~ n g  plume v i s i b l e  i n  these  photo- 

graphs demonstrates t h a t  previous models of tephra f a l l ,  following a parabolic 
o r  e l l i p t i c a l  o u t f a l l  pat tern  with a near-linear a x i s ,  may not always apply. 
This new information is significant. Thi rd ,  analys is  o f  the  stereographic 
images shows that t he  eruption cloud did not penetrate the  tropopause and 
therefore  did not form a dust v e i l  i n  t he  upper atmosphere. These r e s u l t s  
have provided information f o r  r e l a t i ng  t h e  intellsiLy of volcanic eruptions t o  
contamiration of t he  upper atmosphere. Information about t he  1955 t o  1960 
eruptions of Sakura-zima ( r e f .  8-2) indica-ties t he  k ine t i c  energy l e v e l  of 
individual  paroxysmal erupLions of the  type observed by the  Skylab 4 crewmen 

18 
ranges from 0.3 x 10'' t o  2 x 1011 joules (0.3 x 10" t o  2 x 10 ergs) .  
Based on t h e  Skylab 4 photographs, t h i s  magnitude i s  probably too small t o  
penetrate t h e  tropopause and create a straat;ospheric dust v e i l .  

Bolivian-Chilean-Argentine Volcanic Fields 

Several Skylab 4 handheld photographs provide i n t e r e s t i ng  and useful  
information on the  topographic and geologic features  of  t h e  i so i a t ed  and 
inaccessible volcanic f i e l d s  i n  the  region from Salinas Grandes and 
Salina de l  Rincen, Argentina, t o  Lago Colorado and Lago Verde, Bolivia. (one 
of these photographs, f igure  8-3, is representa t ive  of t h i s  South'Amerfcan 
volcanic regioa.  ) Four volcanic calderas,  10 t o  ? 5 kilometzrs i n  diameter, 
are  v i s i b l e  i n  t h e  photographs. Analysis of t he  yhotographs i n d i c d e s  t ha t  
t h e  f loor  of each caldera i s  characterized by a w r i e s  of resurgent domes, 
lava flows, and cones. One of t h e  l a rge s t  calderas i s  cut by a broad graben, 
possibly indicat ing collapse of the  caldera a f t e r  t h e  eruption of ash-flow 
t u f f  tha t  appears t o  form t h e  tablelands surrounding t h e  calderas. The 
ash-flow tuf f  apparently covered much of t h i s  area and f i l l e d  t he  prevolcanic 
mountainaus t e r r a i n .  Further analysis  o f  t he  Skylab photographs w i l l  define 
the geologic re la t ionsh ip  of calderas,  f a u l t  systems, and volcanic flows i n  
this part  o f  t he  high Andes Mountains. 

Is land of Xawaii 

In the photographs of t h e  volcanic areas  of Eawaii, prominent volxmic 
features such a s  t he  summit caldera on Mauna Loa, t he  ex t inc t  volcano Mauna 
Kee, the: Kilauea caldera, and t h e  p i t  c r a t e r  at Halemaumau within t h e  caldera 
a r e  eas i ly  i den t i f i ed  ( f i g .  8-4). Detailed features  such as t h e  exten" and 
delineation o f  h i s t o r i c  lava flows on Maune Loa can be determined and a r ?  
important f ac to r s  in planning t h e  study of' volcanoes for +uture mannee 
missicns. 



Figure 8-3.- Near-vertical view ot' the extensrve volcanic fields near 
the jur:ction cf the borders of Bolivia, Argentina, and Chile. 
Features incl.ude a caldera approximately 15 km in diameter ( A )  
susowided by plateaus of ash f l ow  tuff  ( 1  ) , rhyolite ( ? ) f lows  (B) , 
aed stratovoicanoes (C ) (sL~-137-3674) . 



Figure 8-4.- The island of Hawaii and the recent  volcanoes Meune Kes 
( A ) ,  Mauna Loa (31, and Kilauee (C). Many lava flows are evident 
( SL~-139-3997 ) . 
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T i b e s t i  Massif, Chad 

The photographs obtained by the  Skylab crewmen have fu r the r  explained t h e  
evolut ion of  t h e  T ibes t i  ca ldera  and ash-flow t u f f  ( ignimbri te)  p la t eaus .  One 
photograph ( f i g .  8-5 ) shows t h e  v iv id  con t ras t  between t h e  reddish nonvolcanic 
bedrock and sedimentary deposi t s  and t h e  dark volcanic rocks. Dis t r ibu t ion  of 
t h e  major rock un i t s  can be mapped from t h i s  pirotograch. Analysis of t h e  
photograph c l e a r l y  reveals  t h e  d i s sec t ion  of the domelike carapace formed by 
the ash-flow t u f f s  and t h e  nature  of the  o lde r  underlying rocks. The 
14.5-kilometer-diameter Emi Kauss i ca lde ra  is a prominent landmark. 

Volcanoes o f  Oregon and Washingkon 

The Cascade Range from t h e  Oregon-California border t o  Canada and the  
v o l c ~ n i c  f i e l d s  of south-central  Oregon a r e  shown i n  f igures  8-6 snd 8-7. In 
f igure  8-6, the  prominent stra-Lovolcanoes of Crater  Lake end Mount Hood a r e  
e a s i l y  i d e n t i f i e d .  The crewmen were not requested t o  i d e n x f y  and describe 
spec i f i c  features such a s  the 2100-meter-diameter summit c r a t e r  on 
Mount Rainier or  t h e  80-meter-diameter summit c r a t e r  on Wizard I s l and  i n  t h e  
Cra ter  Lake ca ldera ;  however, because of the snow cover,  t h e s e  f e a t u r e s  would 
have been d i f f i c u l t  t o  de tec t .  

The e f f e c t  of snow cover i n  the  j l e n t i f i c a t i o n  of surface  f e a t u r e s  i s  
indica ted  i n  f igure  8-6. I n  the  Cascade Hange , snow cover i s  extensive and, 
because of the contras t  between t h e  white snow arid dark f o r e s t s ,  t h e  high 
peaks axle enhanced. The Holocene ( recen t )  l a v a  flows from t h e  Belknap 
Craters ,  Oregon (upper l e f t )  are covered by snow; however, they  l ack  vege- 
t a t iqn  and t h e i r  general s t r u c t u r e s  and d i s t r i b u t i o n  can be  determined. Older 

, volcanic landforms that support f o r e s t s  a r e  masked by snow, In ,south-central 
Oregon ( f i g .  8-6), snow cover i s  not extens ive ,  and the b a s a l t  flows a t  
Devils Garden, Lava Molmtain, and Green Mountairr (ilPper l e f t  cen te r )  as w e l l  
as numerous small cones and domes (upper r i g h t  ) can be seen. 

~ e x i  c'an Volcanoes 

Photographs of t h e  eastern sec t ion  of t h e  east-southeast-trending 
neovolcanic axis of Mexico, from Mexico Ci ty  t o  t h e  Gulf of Mexico, were 
obtained by the  Skylab 4 crewmembers. The most prominent peaks i n  one of 
these photographs ( f i g .  8-7 ) are t h e  Pleistocene-Holocene stratovolcanoes 
San Nicolas and Pico de Orizaba, l a s t  a c t i v e  i n  1687. Snow cover accentuates 
the  summits of both peaks, although t h e  c r a t e r s  a r e  no t  apparent .  The lowel, 
rel ief  volcano almost midway between San Nicolas and Orizaba i s  La Malinche. 

The va l l ey  northwest of Orizaba appears t o  be a dry lake  bas in  containing 
broad, l o w  c ra te r2  s imi la r  i n  appearance to mar volcanoes, On the n o r t h  r i m  
of t h e  va l l ey  north of Orizaha a r e  twin ca lde ras ,  5 t o  2.0 kilometers  i n  
diameter. Both a r e  surrounded by d i s sec ted  t a b l e  lands t h a t  may cons i s t  of 
ash-flow t u f f s .  Color v a r i a t i o n s ,  which may ind ica te  a l t e r a t i o n  o r  v a r i a t i o n s  





Figure  8-6.- Recent stratovolcanoes i n  the  Cascade Range, Washin&on and 
Oregon. From north t o  south, labelled features are Mount Hood ( A ) ;  
Three  Sistc *s (B) ; Devils Garden, Lava Nountain , and Green Mountain ( c ; 
and Crater  Lake ( D )  (8~4-139-4048) . 



Figure 8-7.- Pleistocene-Holocene volcanoes between Ivlexico City and 
t h e  G u l f  of Mexico coast.  The most prominent s-t;ratovolcanoes are 
San Nicolas ( A ) ,  La Malinche (B)  , and Pico de Orizaba (c) 
(~~4-l3g-4064). 



i n  composition, are not iceable  on lava flows on t h e  eas te rn  slope of 
La  Malinche. Although t he  nearby voicanoes Popocat6petl and I z t ~ c c i h u a t l  
have been l inked  t e c t o n i c a l l y  t o  a 50-kilometer-long f r a c t u r e  t rending 
north-nortliwest,  no evidence of s t r u c t u r e s  re la ted  t o  t h e  volcanoes was found 
i n  t h e  photographs, 

CONCLUSIONS 

The following conclusions a r e  based on a prel iminary assessmert of 
70-millimeter Hasselblad photographs and crew desc r ip t ions  and debr ief ings ,  

1. Some specific a c t i v e  volcanic processes,  p a r t i c u l a r l y  erupt ion  
columns and clouds, were observed from Skylab 4. The crewmen have confirmed 
t h a t  subtle differences i n  color  o r  dens i ty  of  erupt ion  and fume clouds can be 
discerned best by the  human eye. 

2. Earth-surface features a r e  best mapped with near-ver t ica l  r e c t i f i a b l e  
stereophotographs such as those obtained from t h e  Earth resources experiment 
package camera systems; however, photographs from the  Skylab handheld cameras 
have provided valuable new information on a reas  where it was not f e a s i b l e  t o  
operate t h e  experiment cameras. 

3. The real-time judgment of t h e  crewmen i n  s e l e c l i ~ ~ g  a reas  t o  
photcgraph i s  of grea t  value i n  volcanic s t u d i e s .  

4. Even though changes i n  the s i z e ,  shape, and co lo r  of the  er*up'iion 
cloud from Sakura-zima occurred rapidly,  they could not be detected while 
viewing t h e  cloud dur ing  one o r b i t a l  pass. The changes were r e a d i l y  apparent 
on subsequent passes. 

5 .  Stereophotographs were very use fu l  i n  s tudying volcanic landforms 
and erupt ion  clouds. When t h e  tropopause i s  penet ra ted  by an erupt ion  cloud,  
stereophotographs w i l l  be valuable i n  making dus t -vei l  index a,ssessments t o  
determine t h e  quant i ty  o f  volcanic. dust e j ec ted  i n t o  t h e  upper atmosphere. 

6 .  The crewmen confirmed t h a t  r e l i e f  i s  seen b e s t  at Slm angles l e s s  
than 20' and t h a t  colors  a r e  seen b e s t  a t  high Sun and low phase angles. 

7. The crewmen confirmed t h a t  c r a t e r s  a few hundred meters i n  diameter 
a r e  general ly t o o  small  f o r  t h e  observation o f  s t r u c t u r a l  02-  morphologic 
d e t a i l s .  It i s  expected t h a t  l a v a  lakes with surface  temperatures wel l  above 
813 K ( t h e  Draper Po in t ,  the  temyerature a t  which red l i g h t  f i r s t  becones 
v i s i b l e  aga ins t  a darkened sky) should be v i s i b l e  from orbit. Dark rocks were 
espec ia l ly  d i f f i c u l t  t o  i d e n t i f y  i n  heavily vegetated a r e a s ,  as i n  the  c o a s t a l  
p la in  of Oaxaca, Mexico. Both s p a t i a l  and color  d i f f e r e n t i a t i o n s  i n  volcanic 
features were easiest t o  de tec t  i n  arid o r  high and dry p la teau  regions ,  a s  
on the Mexican or  Andean plateaus. '.'olcanoes on small d i s t i n c t l y  shaped 
islands were also e a s i l y  i d e n t i f i e d .  



8.. The ephemeral subaerial phas3 of submarine eruptions is extremely 
d i f f i c u l t  to observe from Earth orb i t ;  those submarine eruptions k*hat occurred 
near Japon and Samoa were not observed by the crewmen, 

9. A statistical study of surface colors of volcanic features In 
re la t ionship  to their composition and geomorphic or climatic province would 
be a va,luable research project. 
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9. PHELIMINARY REPORT ON DUNES 

Edwin D. ~ c ~ e e ~ '  and Carol S. Breed b 

Eighteen s i t e s  i n  t h e  major sand seas of t he  world were designated f o r  
v i sua l  observations and photography by the  Skylab h crewmen. Most of t he  de- 
ser t  sites were chosen because they are difficult t o  study by conventional 
means. Reliable maps and a e r i a l  photographs a r e  not  available for some of 
these s i t e s ,  and access t o  other s i t e s  i s  d i f f i c u l t  because of geographic and 
political reasons. The s i t e s  chosen fo r  handheld (IIH) camera photographs in- 
clude four in the Sahara, and sub-Sahara of North Africa ( ~ ~ 6 8 ,  ~ ~ 6 9 ,  HH70, and 
~ ~ 7 1 )  ; four in the Namib and Kalahari Deverts of South Africa ( ~ ~ 7 7 ,  ~ ~ 7 8 ,  
HH79, and ~ ~ 8 2 )  ; two in the Empty Quarter of Saudi Arabia (HX80 and ~ ~ 8 1 )  ; 
five i n  t h e  Takls, Makan and Gohi Deserts of  China (HHt.5, ~ ~ 6 6 ,  ~ ~ 6 7 ,  HH75, and 
~ ~ 7 6 ) ;  and three in the trans-Caspian deser ts  of t h e  U.S.S.R. (HH72, HH73, and 
7 )  I n  addition t o  these 18 formally designated sites, other areas of 
eolian sand accumulation i n  North Africa, India,  Mexico, and Australia were 
recommended as cp t iona l  s i t e s  f a r  obtaining v i sua l  observations .and 
photographs. 

NUMERICAL SUMMARY OF THE DATA 

For a tot .el  of 26 sites in 8 major sand seas, the  Skylab 4 crewmen re- 
corded 40 visual observations of deser t  phenomena and obtained 65 colar  
70-millimeter photographs.that are now being studied.  Other photographs are 
being proressed, and t he  analytical r e su l t s  will be included i n  the final re- 
por t .  I n  addit ion t o  the transcribed visual observations, valuable informa- 
t i o n  was recorded at t h e  debriefing neeting with the  crewmembers on March 13, 
1974 

PRELIMINARY RESULTS 

More thas 40 percent  of ti:@ visual observations recorded vh i l e  the 
crewmen were i n  o r b i t  concernec7. the d i s t r ibu t ion ,  shaye, size, and color of 
dunes and other eol ian sand features and the re la t ionsh ip  of sand bodies to 
other topographic fea tures  , surf  ace elevations , and probable wind direct ions .  

%. S. Geological Survey, Denver, Colorado. 

b ~ .  S. Geological Survey, Flags ta f f ,  Arizons. 

'principal Invest igator .  



The remainder of t h e  recorded v i s u a l  observations v e r i f i e d  t h e  presence of 
dunes i n  p a r t i c u l a r  a reas .  Other comments cons is ted  of n o t i f i c a t i o n s  t h a t  
t h e  photographs were being taken. 

Approximately 95 percent of t h e  ~ h ~ t o g r a p h s  examined t c  d a t e  are of ex- 
c e l l e n t  q u a l i t y  and contain infornat ion  use fu l  i n  t e s t i n g  ideas  regarding t h e  
form, d i s t r i b u t i o n ,  and movement of d e s e r t  sand seas. Both t h e  oblique views, 
which c l e a r l y  i n d i c a t e  r eg iona l  r e l a t ionsh ips ,  and t h e  v e r t i c a l  v i e  s ,  which 
provide d e t a i l s  of dune morphologies, will be use fu l .  The i ~ e a r - v e r t i c a l  
s t e reopa i r  photographs msy be of the g r e a t e s t  value. The co lo r  of sand a reas  
as recorded i n  t h e  photographs, although abparently not  as v i v i d  as the color  
remembered by the  crewmen, provides an important new t o o l  f o r  studying t h e  
deposi t ion of e o l i w  sand i n  the  s p e c i f i c  s i t e s  designated f o r  study. Un- 
fo r tuna te ly ,  no photographs were taken over t h e  h igh- la t i tude  desarts of t h e  
U.S.S.R. and none were requested of dune f i e l d s  i n  Argentina, Alaska, Green- 
Imd, and t h e  U n i t e d  S t a t e s .  

The comments of t h e  crewmen during t h e  2-hour debr ie f ing  sess ion  are pro- 
bably of equal va lue  t o  those  ra2osded cluing t h e  mission because s p e c i f i c  
quest ions could be resolved while both the crewmen and the Science Team mem- 
bers  were viewing the sPme landforms i n  co lo r  photographs. I n  several in- 
stances, t h e  answer t o  one quest ion l e d  50 another ques t i cn ,  which r e s u l t e d  i n  
add i t iona l  da ta .  For exmyle ,  t h e  disc..r;ion of d e s e r t  sand co lo r s  led  
through a s e r i e s  of ques t ions  and ans-xer2 &nd photograph viewing t o  a rea l i za -  
t i o n  that, once the  quest ion of s7.1~ 6zg;e is  resolved,  future observers i n  
Earth o r b i t  w i l l  have an excelleht ~~3so;-t~.;ni-t;y t o  make rapid  comparisons of 
tlie surface co lo r s  of sand bodLs= ( 7  ,i.i dese r t s  of t h e  world. Such observa- 
t i o n s  should he lp  t o  determir.e .>iiethr l a t i t u d e ,  o r  d i s t ance  from t h e  source 
of t h e  sand, o r  r e l a t i v e  age .JE ;isr:d dep0si.t;~ i s  t h e  c o n t r o l l i n g  f a c t o r  i n  t h e  
p r o d ~ ~ c t i o n  of red eol ian  sediments. Observations from space by crewmembers, 
supported by photographic documentation, may provide a new se t  of data r e l a t e d  
t o  t h i s  long-standing geologic problem of t h e  o r i g i n  of r e d  beds i n  dese r t  
environments . 

DISCUSSION OF RESULTS 

For the  study of sand seas on the Skylab 4 mission,  the  crewmen were 
asked f irst  t o  obtain photographs and t hen  t o  observe visually s p e c i f i c  char- 
a c t e r i s t i c s  of sand bodies i n  s e l e c t e d  l o c a l i t i e s  wi th in  severa l  dese r t s  of 
t h e  world. This  approach tended t o  emphasize differences among t h e  s p e c i f i c  
s i t e s  s e l e c t e d  more than t o  emphasize the  s i m i l a r i t i e s  of sand pa t t e rns .  The 
r e s u l t s ,  however, provided information on the  rela+,ionship cf sand bodies t o  
b a r r i e r s  and on the  geographic d i s t r i b u t i o n  of dune types, s i z e s ,  and colors  
i n  various dese r t  environments, 

Observations by t h e  crewmen both from space and during the debr ief ing  
have provided i n t e r e s t i n g  and new da ta  f o r  s p e c i f i c  s i t e s .  For example, t h e  
crewmen confirmed t h a t  t h e  s t a r  dunes of eas te rn  Algeria arc lrery red;  t ha t  
the  interdune areas of this region are composed of gray bedrock; t h a t  t h e  
dunes occasionally tend t o  bu i ld  up i n  cha rac te r ,  r e l i e f ,  and size as they go 



downwind; and t ha t  t he r e  appears t o  be no simple fac tor  t o  explain t he  abrupt 
boundary at the  southern margin of t he  dunes. These v i sua l ly  observed charac- 
t e r i s t i c s  are  ver i f i ed  i n  f i v e  9-1, which shows t h e  individual  st;= dunes 
and l i n e a r  chains 02 s t a r  dunes i n  t h e  Great Eastern Erg of Algeria, 

In t h e  easterr1 Empty Quarter  of Saudi A r ~ b i a  ( f i g  . 9-.2) , individual  star 
dunes and l inear  chains of s t a r  dunes a r e  red,  which i s  i n  contras t  t o  t h e  
whitish-gray (composition undetermined) interdune surfaces,  The characteris-  
t i c s  of these  dunes ar.d interdunes were not recorded by t h e  crewmen. Accord- 
ing t o  t h e  debriefing t r ansc r ip t ,  Lhe s i m i l a r i t i e s  between t h e  Algerian and 
t h e  Arabian deser ts  were net noted, probably because of d i f fe ren t  Sun angles 
when viewinp t h e  two  deser ts  but more l ' ? k e Z ~  because t h e  crewmen were only 
requested t o  look f o r  areas of t r ans i t i on  among dune types i n  t h e  m p t y  Quar- 
t e r ,  Thus, they may have concentrated on t h e  problem of t ransi t ior l  a t  t h e  
expense of other observations. 

Dune r idges  i n  t h e  inland d e l t ~ .  of t h e  Niger River, Mali, a r e  i l l u s t r a t e d  
i n  figure 9-3. The presence of old dune r idges  at t h i s  s i t e  was v i sua l ly  
observed but the  presence of narrow, r e d e s h ,  l inealo  dunes crossLng the  o ld  
vegeteted r idges at oblique ang1.e~ was not rno~t~ioned. Both t h e  commander and 
the p i l o t  s ta ted  i n  t h e  debriefing E ~ O S G ~ ~ T ,  t;h~?.b this area  was a d i f f i c u l t  one 
i n  which t o  make observations because of the hlgh Sun angle and t he  low con- 
t r a s t  of ground fea tures ,  Wheit shorn a s:~de of s imilar  narrow, reddish, l i n -  
ear dunes i n  t he  Simps- .I Desert of 3hxs$ralir, t ? ! ~ ,  9-k) ,  t h e  crewmen 
immediately ident i f ied  :.t as t h e  dvne area .xrnnd t h e  Niger River because of 
t h e  l i n e a r  forms. This was a very i n t e r ~ s t i n g  obstrvation because it demon- 
s t r a t e d  t h a t  t he  eyes of the  c r ewen  had seen and t h a t  t h e i r  minds had s to re2  
information concerring the s imi l a r i t y  of t he  two widely separated deser ts .  
However, t h i s  information was not recorded unti l  t h e i r  prrceptions of these  
s i m i l a r i t i e s  were evidenced durixg t h e  debriefing.  

Regions t ha t  a r e  inaccessible f o r  grnund exploration, such a s  t h e  Namib 
Desert of South West Africa ( f i g .  9-5) , can be observed by crewmen i n  Earth 
o rb i t .  Several useful  observations on t h e  e f f ec t  of topographic relief on 
the  d i ~ t r ~ b u k i o n  of dunes and on color  d i s t r i bu t i on  i n  t he  Namib Desert were 
recorded from spacs and during t h e  debriefing.  Because r e l i a b l e  r e l i e f  maps 

re- a r e  not availa3le fo r  t h e  Namib Desert, the  observations and photograph, 
turned by Skylab crewmen will provide t he  i n foma t ion  for analyzing t h e  basic 
geography of t h i s  region.  

To summarize t h e  r e s u l t s ,  t h e  Skylab 4 crewmen established t h a t  large- 
scale  pat terns ,  cc,iors, and topographic influences on eol ian sand d i s t r i bu t i on  
can be seen and accrrrately described from space and t h a t  t he  human eye sees 
nuances of color t h a t  t h e  c m e r a  cannot record. A 1 1  t he  observat ims by t h e  
Skylab crewmembers support the  praliminary c l a s s i f i c a t i on  af eolian landforms, 
based on Earth Resources Technology S a t e l l i t e  ( ~ T s )  imagery. The observtt- 
t i ons  of the crewmen w i l l  be uspd t o  evaluate t h e  ERTS imagery c l a s s i f i c a t i on  
system. Although all observations support t h e  c l a s s i f i c a t i on  system presently 
i n  use, t h e  Skylab 4 crewmen did not necessarily confirm the  v a l i d i t y  of t he  
system because they were  not asked t o  look fo r  s i m i l a r i t i e s  of form and dis-  
t r i bu t i on  of eolian sand bodiec on a worldwide sca le .  



Figure 9-1.- Individual s t a r  dunes and l i n e a r  chains of s t a r  dunes 
in the Great Eas t e rn  Erg of Algeria ( ~ 6 9 )  (5~4-138-3885}. 
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Figure 9-2.- Individual s tar  dunes and linear chains of star dunes in the 
s 1st ern Empty Quarter of Saudi Arabia (8~4-138-3744) . 



Figure 9-3.- Dune ridges in the  inlend delta of the Niger River, Mali 

(s~4-136-3380). 
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Figure 9-4.- Linear dunes in the  Simpson Desert of Australia 
(sL~-143-4637) . 



Figure 9-5.- The Namfb Desert of Scilth West Africa (HH77 and HH78) 
(~~44.37-3693).  



RECOMMENDATIONS 

The visual. observations expressed by the  Skylnb 4 crewmen for the  i'irst 
t i m e  during t h e  debriefing session on March 13, 1974, are highly significant. 
From these observations, invest igat ions  cnn be made based dn t h e  experience 
and the  knowledge gained during t he  mission. A space platform provides an 
excel lent  opportunity t o  make worldwide, a'most oimultaneous, v i sua l  observa- 
tions of desert  phenomena, pa r t i cu l a r l y  the dis t r ibu t ion  of color, p a t t e r i ~ s ,  
and ba r r i e r s .  Furthermore, such observations can provide a data base f o r  a 
new and informative comparative study of t he  sand seas of t he  world, 

To use fully t h e  cap&bi l i t i e s  of t h e  human eye and mind, the  brain  must 
be able t o  quantify quickly what the  eye sees. Several methods for  developing 
this capabi l i ty  might be explored, First, colors as seen from space might be 
used t o  design a land color char t  s i m i l a r  t o  the U.S .  Geological Survey rock 
color  chart. Such a char t  could be posted beside ?;he viewing window for i m -  
mediate reference. Second, n pattern and s i ze  recognit ion chart could be pre- 
pared t o  enable quick, objective descriptions of landform patterns with t h e i r  
s i zes ,  shapes, and s p a t i a l  re la t ionahips  as seen f r o m  Earth o r b i t .  Third, the 
observers might be t ra ined  t o  make quick, verbal d.escriptions of various as- 
pects of the surface of t h e  Earth while viewing s a t e l l i t e  photographs. The 
t r a in ing  should be supplementeu by f i e l d  t r i p s  t o  view typ i ca l  deser t  phensm- 
ena both  from t h e  air and on the ground. Advance f ami l i a r i t y  w i t h  known de- 
s e r t  phenomena would allow the  crewmen t o  focus t h e i r  a t t en t ion  on t he  
unknown phenomena t h a t  need Turther study. 

In summary, t h e  visual observations and photographs of t h e  deser ts  of t he  
world ~ z d e  by t h e  Skylab 4 crewmen provide useful  information about t h e  spe- 
c i f i c  sites selected.  A fu ture  study is therefore  suggested i n  which quick, 
synop t i c  v i sua l  observations would be recorded and uocumented by p h ~ t o g ~ a p h s .  



10. VEGETATIONAL PATTERNS 

David carneggiea 

Because man i s  dependent on vegetative resources for sustenance, adequate 
methods of conserving, managing, and using these  important renewable resources 
are essen t ia l .  In t he  past ,  vegetative resource information has been acquired 
through conventional ground-survey and aerial--survey techniques. In  many 
instances,  these techniques ha-re been adequate for  providing information 
regarding t he  type, quanti ty,  qua l i ty ,  d i s t r i bu t i on ,  and ava i l ab i l i t y  of vege- 
t a t i v e  resources. I n  other ins tances ,  conventional inventory techniques have 
not provided information that was e i t he r  timely enough o r  accurate enough f o r  
intensive management purposes. Within t he  l a s t  7 years,  manned and unmanned 
satellite systems have been used as a new tool f o r  r a p i l l y  acquiring informa- 
tion a b ~ u t  vegetative resources on a global bas i s .  Man's role i n  acquiring 
timely vegetative resource information from o rb i t i ng  s a t e l l i t e s  i s  evaluated 
In t h i s  sect ion with respect t o  v i sua l  observations and photographic documen- 
t a t i on  m d e  by the  Skylab 4 crewmen. 

PREPARATION AND TRAINIPIG 

. Two t ra in ing  sessions were held before t h e  launch of t h e  Skylab 4 cremen. 
The first session introduced t h e  crewmen t o  the  importance of making observa- 
t ions  of yegetation. Primary emphasis w a s  given t o  factors t h a t  cause problems 
and damage of economic importance t o  th ree  important vegetative environments; 
namely, fo r e s t ,  rangeland, and agricu2ture.  Early detect ion of damaging fac- 
t o r s ,  such as f i r e ,  f lood,  i n s e c t ,  disease,  e t  ce te ra ,  i s  important fo r  mini- 
mizing economic losses ;  thus ,  it is important; t o  l ea rn  t h e  extent t o  which man 
i n  o rb i t ing  s a t e l l i t e s  can de tec t  these  damage-causing agents. Secondary 
emphasis was directed t o  observing change i n  vegetative appearance t h a t  r e su l t s  
from normal plant  development. Tie detection and tile timing of these  changes 
i n  appearance of crops and range forage, for example, may provide clues t o  t h e  
iden t i ty  of vegetative type or  condition. I n  many ins tances ,  t he  r e l a t i v e  pro- 
duct ivi ty  of the  vegetative crop, based on t h e  timing of observed changes in 
plant development, may possibly be in fe r red .  

A handbook of s ~ e c i f i c  observations t o  be made throughout t h e  world was 
provided for  t he  crewmen. During the  second t r a in ing  session before l i f t - o f f ,  
the handbook was reviewed with t h e  crewmen t o  clarify last-minute questions 
regarding observa:ions of vegetative phenomena. 

&University of Ca l i fo rn ia  at Berkeley. 
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DATA INPUTS FOR VEGETATIVE ANALYSIS 

Throughout t h e  84-day mission, t h e  descr ip t ions  of f o r e s t ,  rangeland, and 
agricultural vegetat ion by the crewmen were t ranscr ibed and made ava i l ab le  t o  
the  Visual  Observations Fsojec t  Team f o r  t h e i r  evaluat ion.  Because t h e  t r an -  
s c r i p t s  were made ava i l ab le  pe r iod ica l ly  throu,-..out t h e  mission,  observations 
made by the Skylab 4 crewmen could be compared t o  those made during previous 
missions. I n  many ins tances ,  more d e t a i l e d  quest ions were upli~lked t o  t he  
crewmen t o  t e s t  t h e  limits of man's observat ional  capab i l i ty .  Concurrent with 
t he  observations,  both v e r t i c a l  and oblique photographs of vegeta t ion  within 
prescribed observation sites were acquired.  For t h i s  r e p o r t ,  only a few of 
the  photographs taken on e igh t  f i l m  magazines from t h e  70-millimater Hassel- 
blad camera were reviewed. 

A 3-hour postmission brief'ing was conducted t o  review t h e  t r a n s c r i p t s  of 
verbal descr ip t ions  made from space and the ava i l ab le  photographs. The infor-  
mation derived from t h e  postmission b r i e f i n g ,  combined with the ana lys i s  of 
t h e  a v a i l a b l e  photographs and t h e  t r a n s c r i p t s ,  forms t h e  basis f o r  t h i s  pre- 
liminary r epor t .  The f a c t o r s  a f f e c t i n g  man's a b i l i t y  t o  observe vegetat;on 
end c h a r a c t e r i s t i c s  and condit ions of f o r e s t ,  rangeland, and a g r i c u l t u r a l  veg- 
e t a t i o n  that can be observed a r e  discussed i n  t h e  following paragraphs. 

FACTORS AFFECTING VISUAL OBSERVATIONS OF 
VEGETATION FROM ORBITAL ALTITUDES 

Some of the  f a c t o r s  affecting man's a b i l i t y  t o  observe vegeta t ion  on the 
surface  d f  t h e  Earth from orbital a l t i t u d e s  include t h e  c h a r a c t e r i s t i c s  of 
spacecraf t  windows, atmospheric condi t ions ,  t ime of day, viewing angle ,  r a t e  
of spacecraf t  movement p a s t  the object  t o  be observed, type and color  of veg- 
e t a t i o n ,  and d is tance  between t h e  objec t  observed and t h e  observer .  

Spacecraft Windows 

The observation windows i n  Skylab vary i n  s i z e  and th ickness  of g l a s s .  
The crewmen expressed concern t h a t  observations of features t h a t  a r e  viewed a t  
an  angle through t h e  windows may have been a f f e c t e d  by o p t i c a l  d i s t o r t i o n  and 
r e f l e c t i v e  proper t ies  of t h e  d i f f e r e n t  windows. It was not known t o  what 
extent  the observation windows may have been t i n t e d  and  t o  what extent  t h i s  
t i n t i n g  may have va r i ed  from window t o  window. To remove any va r i ab le  a t t r i b -  
uted t o  differences i n  window c h a r a c t e r i s t i c s ,  f u t u r e  observation s a t e l l i t e s  
should e i t h e r  have standardized observation windows o r  one specz f i c  window 
t h a t  is  not t i n t e d  and i s  f r e e  from o p t i c a l  and r e f l e c t i v e  d i s t o r t i o n .  



Atmospheric Conditions 

. . The crewmen indicate t h a t  ag r i cu l t u r a l  pa t t e rns  arid va~*i~Li;it:;  .c::;-:; 
cropland can be observea through ns much as 75-percent broken cloud cover. 
Presumably, observations a r e  b e s t  achieved with a high Sun angle, which n i n i -  
mizes observation d i f f i c u l t y  caused by cloud shadow. The crewmen could d i s t i n -  
guish various amounts of haze over t he  surface of the Earth. A higher 
f rewency  of haze (haze e f f e c t )  was observed over heavily vegetated areas i n  
con t r s s t  t o  l e s s  ~regeta ted areas .  I n  many a r ea s ,  haze increased during the 
day and became most acute during middle t o  l a t e  afternoon l o c a l  time. The 
presence of haze did not a f f ec t  t h e  a b i l i t y  of t h e  crewmen t o  discriminate 
vegeta t ional  types, but t he  haze was a f a c to r  i n  discriminating darker colors .  
The effect of haze on t he  a b i l i t y  t o  d.iscriminate type and color of vegeta t ion  
became more pronounced as the  look angle increased from the  v e r t i c a l .  Photo- 
i n t e rp r e t a t i on  was affected.more by the haze than v i sua l  observations. In  
viewing numerous photographic images taken from space, t h e  crewmen expressed 
concern t h a t  haze had reduced d e t a i l  and color  discrimination t h a t  had been 
dis t inguiskable  by the eye. This f inding i s  s i gn i f i c an t  because it ind ica tes  
t h a t  human eyes are super ior  t o  photographs i n  discriminating colors  and dis-  
cerning ce r ta in  ground d e t a i l s  through moderate t o  g r ea t e r  amounts of haze. 

Time of Day 

The crewmen considered noon locaJ. time as t he  optimum t i m e  f o r  discerning 
and describing vegetat ion because t h e  Sun angle was high and haze in te r fe rence ,  

.which increases as the day progresses,  was not ye t  a problem. No examples 
were r e ca l l ed  i n  which lower Sun angles were an aid t o  discriminating vegeta- 
t i on  type  o r  condition. Without exception, low Sun angles meant reduced ab i l -  
ity t o  discriminate v e g e t ~ t i o n  on t h e  ba s i s  o f  color .  Moreover, lower Sun 
angles did  not enhance textural d e t a i l  t h a t  could a i d  i n  discriminating vegeta- 
tion type. Fires  were eas i ly  detected during t h e  periods of darkness, but t he  
type of vegetat ion being burned o r  threatened could not be assessed. The 
efftct of t h e  time of day on obserrntions of change i n  appearance of vegetat ion 
over a period of t i m e  remains a problem. F'urther analys is  and questioning w i l l  
be required t o  ve r i fy  the extent  of t h i s  problem i n  making t;hese types of 
observations. 

Angle of View 

Although nadir  observations a r e  more e a s i l y  made from Skylab, the crewmen 
f e l t  t h a t  su f f i c i en t l y  accurate observations could be made at  distances of 
480 kilometers on e i t he r  s ide  o f  t h e  f l igh tpa th .  Oblique photographs showing 
land features a t  distances of 480 kilometers were generally poor and d i f f i c l l l t  
to i n t e r p r e t  primari ly because of atmospheric e f f e c t s  on color film. Th,?re- 
fo re ,  man may have an advantage over the  camera fo r  recording informati( .  n 
about t he  vegetational resources as far  as  480 kilometers from the  flight,path. 

When t h e  look angle and the Sun angle were i n  a. 72ecif ied posi t ion,  sun- 
g l i n t  from water could be observed. An understanding of these  angular re la -  
t ionships  should be he lp fu l  i n  determining: t he  proper look anple and Sun a n ~ l e  



fo r  discerning bodies of water. This  observation may be pa r t i cu l a r l y  important 
i n  assessing a ,vai labi l i ty  snd d i s t r i bu t i on  of water i n  rangelands and i n  
drought-affected areas,  

Rate of Movement 

I n i t i a l l y  i n  t he  obseklvations program, t h e  r a t e  of movement of t h e  space- 
c r a f t  over t h e  ground was a problem i n  detect ing d e t a i l s  within t h e  vegeta t ive  
complex. With time, t he  crewmen became more famil iar  with tha  kpecified 
observation s i t e .  This fap l i l i a r i ty  enabled them t c  spend more time observing 
d e t a i l s  concerning t he  vegetation. I n  c e r t a in  instances,  specialized op t i ca l  
viewing equipment with image motion compensating devices was used t o  extend 
t h e  viewing period of pinpoint ob jec t s .  I n  t h i s  manner, greater  d e t a i l  w a s  
described i n  contrast  t o  observ&tions made without t h e  a i d  of op t i ca l  devices. 

m e  and Color of Vegetation 

Generally, f o r e s t ,  rangeland, and a g ~ ~ i c u l t u r a l  vegetation as seen from 
space were diafinguished by the pa t te rn  created by conspicuous l i n e a r  f i e l d  
boundaries and t he  var ia t ions  between f i e l d  blocks. The shape, s i z e  of f;.eld, 
pat tern ,  and color were used i n  ident i fying ag r i cu l t u r a l  land. Because tex- 
t u r a l  d e t a i l  could not be discerned, basic ag r i cu l t u r a l  types such as cerea l  
crops, t ruck  crops, orchards, o r  vineyardc were not dist inguishable.  

' Within t h e  wildland vegetational  envirnments ,  it became increasingly 
d i f f i c u l t  t o  dist inguish between rangeland and fo r e s t .  Generally, fo res ted  
land appeared t o  be very dark green i n  t he  color  photographs. The crewmen 
expressed t h e  opinion t h a t  va r ia t ions  of forest types within fo r e s t  land co~:ld 
not be detected. However, a grea te r  range of color var ia t ion  was discern ib le  
within rangeland environments. It was a l so  d i f f i c u l t  t o  determine whether 
vegetation existed i n  t he  semiarid and a r i d  environment. Perhaps these  f ind- 
ings demonstrate t ha t  space observers with a grea te r  background i n  vegetative 
resources are required t o  answer many questions r e l a t i n g  t o  t he  extent; t o  which 
man can discern specif ic  vegetative tries within t h e  much l a rge r  vegeta t ional  
environments. 

Darker colors i n  vegetation were more d i f f i c u l t  t o  d i f f e r en t i a t e  than 
l i gh t e r  colors.  The range of colors used t o  describe ag r i cu l t u r a l  crops i n  
various stages of development includes light green, much l i g h t e r  green, >ice 
b r i l l i a n t  green, good healthy green, deep green, dark green, very dark green, 
brown, dark brown, black, l i g h t  t a n ,  yellow, straw colored, and gold--tan, The 
l i g h t e r  and br igh te r  greens and the  l i g h t  tans and yellows were eas ie r  t o  
detect and separake than t he  darker greens, blacks,  and brawris. Despite the 
d i f f i c u l t y  i n  discriminating dark colors ,  t he  crewmen were able  t o  agree on 
t h e  color o f  an object .  However, they a l so  agreed t h a t  color standards should 
be developed for  future  space experiments t o  reduce t he  sub3ectivity associatea 
with color descriptions.  A color standard a l s o  would be  useful  f o r  describing 
colors i n  haze conditions i n  which t he  observers have indicated t h a t  color 



discrimination i s  more p r e c i s e  w i t h  v i s u a l  observations than photographic docu- 
mentation. As indica ted  previous ly ,  t h e  a b i l i t y  t o  d iscr iminate  co lo r s  is  
reduced wi th  low Sun angle. 

O r b i t a l  Al t i tude  

It would be d i f f i c u l t  t o  determine whether lower o r b i t a l  altitudes would 
s i g n i f i c a n t l y  increase the amount of d e t a i l  d i sce rn ib le  w i t n i n  t h e  vegeta t ive  
complex. 'he crewmen ind ica ted  t h a t  t e x t u r e  was not an important iden t i fy ing  
c h a r a c t e r i s t i c  i n  d iscr iminat ing  vegeta t ive  type  o r  condit ion.  However, it i s  
s i g n i f i c a n t  t h a t  considerably g r e a t e r  d e t a i l  can be  observed with t h e  use of 
binoculars .  For example, one of t h e  crewmen describing the  t e r r a i n  of northern 
Aust ra l ia  indica ted  that green vegeta t ion  could be seen only along t h e  wates- 
course. Inspection w i t h  b i i i o c ~ l a r s  d id ,  i n  f a c t ,  i n d i c a t e  t h a t  the green veg- 
e t a t ion  was an area of concentrated t r u c k  farming crops.  This t rade-off  
between what man can see  wi th  and without binoculars  may be extended t o  imply 
t h a t  man could see much g r e a t e r  d e t a i l  with the unaided eye from a considerably 
lower orbital a l t i t u d e .  

0BSF;RVABLE CHARACTERISTICS AND CONDITIONS 
WITHIN VEGETATIONAL ENVIRONMENTS 

Agriculture 

Croplands were t h e  e a s i e s t  vegeta t ive  environment f o r  t h e  crewmen t o  dis-  
t inguish .  The color .  shape, and s i z e  of f i e l d  and the l i r iear iky  of f i e l d  
boundaries conti-:k~~ted t o  t h i s  ease of i d e n t i f i c ~ t i o n .  During t h e  Skylab 
missions, t h e  crewmen concentrated t h e i r  observations on wheat-producing areas 
i n  Argentina, Aus t ra l i a ,  and t h e  United S t a t e s .  During the time per iod  of t h e  
mission, wheat was being harvested i n  t h e  Southern Hemisphere, whereas t h e  
auCumn p lan t ing  of rrheat i n  t h e  Northern Hemisphere had begun before  t h e  
mission. 

Both t h e  photographs from space and t h e  v i s u a l  observations s u b s t a n t i a t e  
t h a t  t h e  extent of snowfall  and t h e  r e l a t i v e  amount of snow present  on wheat- 
fields i n  t h e  Northern Hemisphere can be observed. Moreover, t h e  crewmen could 
e a s i l y  d e t e c t  areas where e s r l y  snowmelt could expose wheat p l a n t s  t o  f r eeze  
condi t ions ,  thus  k i l l i n g  t h e  p lan t s .  These observations regarding snowmelt 
pa t terns  a r e  especial ly Lmportant i n  regions where snow cover i s  c r i t i c a l  f o r  
tlie survival of t h e  p l a n t .  Observations regarding t h e  timing of s n o ~ m e l t  a l s o  
can be c o r r e l a t e d  with l o c a l  weather condit ions t h a t  a f f e c t  ~ l a n t  growth. 

I n  t h e  Southern Hemisphere, progressive drying of ce rea l  crops followed 
by harves t ing  and rep lan t ing  was observed. Observations oT Argentina suggest 
t h a t  c e r e a l  crops became progressively d r i e r  during t h e  mission. whereas i n  
Aust ra l ia  (south Aus t ra l i a ,  New South Waies, and victoria), c e r e a l  crops were 
already dry and a progress ive  t r e n d  toward greener f i e l d s  associa ted  with 
replant ing  was noted ( f i g s .  10-1 and 10-2). During one observation per iod ,  



Figure 10-1.- Cereal crops in Australia (south Australia, New South 
Wales and vic tor ia)  (sL~-138-3835) . 
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Figure 10-2.- Dexker areas indicate  r ep lan t ing  of cereal crops shown 
in figure 10-1 (sL~-143-4639 1 . 



the crewmen quant i f ied  t h e  proportion of vhea t f i e lds  t h a t  contained green 
mature p l an t s ,  exposed s o i l ,  'bright-green f i e l d s  of juvenile p lan t s ,  and dry 
plan t s  o r  p lan t s  i n  ha rses t  s tage.  Further analys is  will be required t o  corrte- 
late v i sua l  observations with concurrently acquired photographs. 

It is  apparent, nonetheless, t h a t  space observers a r e  capable of describ- 
i n g  t he  var iab le  stages o f  crop maturity within a region. Moreover, they can 
contras t  s tages  of p lan t  development between regions and cont inents ,  Tkzse  
types o f  observations a r e  perhaps t h e  most s i gn i f i c en t  bemuse they dem~ns t r a t e  
t h a t  t he  human space observer can appTaise t he  development and c o n d i t i ~ n  o f  
cereal  crops. This information car provide inputs  f c r  detmrtining t h e  availa-  
b i l i t y  and perhaps the  productivi t  J of cereal crops , such as wheat, on a global  
bas is .  

There i s  no evidence t o  r e j e c t  o r  accept t h e  hygothesis t h a t  h u a n  space 
observers can de tec t  va r i a t i on  due t o  damaging agents such as insec t s  o r  
disease wi thin  l a rge  ag r i cu l t u r a l  fields. The crewmen d id  not note any spe- 
c i f i c  exampY.cs i n  which var ia t ion  within f i e l d s  could be  associated with crop- 
damaging age.its. They d id ,  however, i nd i ca t e  t h a t  wi thin  very l a rge  f i e l d s  
(mom than 3 square kilometers ) , the opportunity f o r  de tec t ing  va r i a t i on  due 
t o  crop-damaging agents would. be greater .  Very l a rge  wheatfields,  exceeding 
4 square k i l ~ m e t e r s ,  can be seen i n  f igure  10-3. 

2veral floods were observed. 12 each ins tance ,  the crewmen were able ta 
observe t he  extent  of t he  a rea  and t he  type of land use a f fec ted .  In  t he  
northern Sacramento Valley of  Cal i fornia ,  i n  t he  Mississippi  Valley, and i n  
eas tern  Austra l ia ,  ag r i cu l t u r a l  land w z s  inuniiated by floodwaters. 

In  summary, it appears t h a t  v i sua l  observations made from o r b i t a l  a l t i -  
tudes w i l l  be most bene f i c i a l  f o r  assessing t h e  r a t e  and timing of various 
p lan t  development stages of ce rea l  crops. Other major crops,  such as r i c e ,  
t h a t  exhibi t  d i s t i nc t i ve  g r o d h  s tages  could a l so  be monitored i n  terms of time 
of planting,  maturity, and harvest ing.  Although va r i a t i ons  within l a rge  f i e l d s  
may be a t t r i bu t ed  t o  crop-damaging agents su.c.h as i n sec t s ,  d i sease ,  and wind 
damage, these  agents a r e  not e a s i l y  i den t i f i ab l e .  However, areas af fected by 
floodwater and f i r e  can be ea s i l y  assessed by human observers from space. 

Rangeland 

Within rangeland environments, t h e  crewmen were ab le  t o  detect  fencel ine  
boundaries. Such boundaries were obvious because of d i f f e r i ng  i n t e n s i t y  of 
forage use on opposite s ides  of the fences. These fencel ine  conditions were 
clues f o r  determining land use. However, i n  many rangeland areas where fence- 
l i n e  boundaries d id  not e x i s t ,  it was l e s s  obvious t h a t  the land use was pr i -  
marily f o r  grazing. This was especia l ly  t r u e  i n  a r i d  and semiarid rangelands 
characterized by sparse vegeta t ive  cover. Where vegeta t ive  cover was sparse ,  
assessment o f  the  presence of avai lable  forage o r  i t s  condition (g~eenness  o r  
dryness) was d i f f i c u l t .  Suf f ic ien t  evidence i s  available, however, t o  conclude 
t h a t  space observers a r e  ab le  t o  de tec t  t he  occurrence o r  ephemeral f lushes  of 
herbivorous vegetation when t he  vegetat ive cover exceeds 50 percent .  
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Figurt; 10-3.- Large wheatfields in Western Australia. Arrows indicgte  areas 
of old fire scars (sL~-137-3620). 
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A semiarid rangeland environment In western Austra l ia  is shown i n  
f igure  10-4. Grazing i s  t he  primary land use a s  evidenced by the d i s t i nc t i ve  
fencelines marking paddock boundaries. The dark surface  features  a re  t h e  
perennial shrub cover. The I f  ghter  areas (primarily s o i l  surf  ace) ,  which 
appeared reddish i n  the  color  photograph, contain sparse vegetative cover. The 
more heavily used paddocks appear l i g h t e r  i n  color than t he  l e s s  heavily used 
areas, Within t he  paddocks, l ight-colored areas ,  which are the heavily used 
areas surrounding a watering area ,  can be detected. If t h e  water supply f o r  
these areas is  derived from open reservoirs ,  o rb i t ing  observers should be able 
t o  determine : he presence o r  absence of water i n  such reservoirs .  Ekploiting 
sunglint  i n  t h i s  determination would be valuable. An assessment of t h e  availa-  
bility aeld dis t r ibu t ion  of water i s  pa r t i cu la r ly  important i n  determining whe- 
the r  rangelands can he grazed and the extent  and sever i ty  of drought 
conditions. 

Numerous range f i r e s  wcre s ighted throughout South America, Africa, and 
Australia (fig. 10-4). I n  some instances,  f i r e s  had been accidentally ign i ted  
o r  resul ted from l ightning.  Most of the  f i r e s ,  however, were probably Inten- 
t i o n d l y  ign i ted ,  because f i r e  i s  an important t o o l  i n  many rangelands for  
control l ing shrub invasion, fo r  control l ing t h e  t s e t s e  fly, and for improving 
forage qual i ty .  Where smoke did not obscure v i sua l  observations of t he  ground, 
the crewmen could usually determine the type of vegetakion t h a t  was burning; 
namely, grassland,  shrubland, f o r e s t  land, o r  ag r i cu l t u r a l  land. 

Forest Land 

The crewmen expressed d i f f i c u l t y  i n  separating d i f f e r en t  f o r e s t  cover 
types. Forest  land w a s  dist inguished p-imarily by i t s  dark-green color and 
complete canopy cover. Further evaluation is  needed t o  determine whether con- 
ifers can be dist:nguished from hardwoods and whether commerciaL fo r e s t  can be 
dist inguished from noncommercial forest. There were no spec i f ic  sightings of  
damaging agents such as dis;>ase o r  insects within forest land; however, varia-  
tion caused by old f i r e  scar's could be observed (fig. 10-3). Additional ques- 
tioning and evaluation will%@ required t o  deternine the  value of v i sua l  
observations fo r  acquiring fo r e s t  land resources information. 
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Figure 10-4.- Semiarid rangeland in Western Australia. Lines between wints 
A and B and B and C define fenceline boundaries, Point  D indicates smoke 
from range fire; E indice.tes area of burn f r o m  range fires (8~4-137-3630). 
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11. PRELIMINARY RESULTS OF LAKE AND SEA ICE EXPERIMENT 

C W. J.  ampb bell,^' R. 0. ~amse i e r , b  W. F. Weeks, and J. A. Wayenberg 
a 

Although only a s m a l l  f r a c t i on  of t h e  Skylab, a i r c r a f t  , and ground mas -  
urement data have been analyzed, t h e  l ake  and s e a  i c e  experiment performed cn 
t h e  Skylab 4 mission was an unqualif ied success. The key design critericn f o r  
t h e  experiment was t h e  acqu is i t ion  of sequent ia l  synoptic 5 zformation on the  
behavior of sea i c e  i n  t he  Gulf of S t .  Lawrence and of lake i c e  on Lake On-car!.be 
The Skylab 4 crewmen obtained handheld photographs of the primary mission 
sites, o f  sea  i c e  In t h e  Bering Sea, t h e  Sea of Okhotsk, and James Bay and of 
icebergs i n  t h e  South A t l an t t c  .Ocean. These photographs will a l s o  be benefi- 
c i a l  i n  o ther  f loating-ice studies. Information obtained from t h e  lake 8nd 
sea  i c e  experiment will be invaluable and fundamental in t h e  i n t e rp r e t a t i on  of 
the  Earth resources experiment package (EREP ) data, ai rcraf t ,  remo te-sensing 
data acquired from the  four  remote-sensing a i r c r a f t ,  ground measurements da ta  
acquired by a ship i n  t h e  G u l f  of S t .  Lawrence, and data obtained from hover- 
c r a f t s  and a hel icopter  i n  Lake Ontario, 

The Skylab 4 crewmen have an f mmense mount  of informati on t h a t  will a i d  
i n  t h e  i n t e rp r e t a t i on  of the  Visual Observations Project  data and i n  t h e  inter- 
pre ta t ion  of a l l  other s a t e l l i t e ,  a i r c r a f t ,  and ground measurement data. The 
inves t iga to rs  w i l l  continue t o  collaborate with the  Skylab 4 crewmen i n  the 
analysis and publicat ion of these  data. 

GULF OF ST. LAWRENCE 

Fortunately f o r  t he  lake and sea i c e  experiment, the winter of 1974 was 
one of severe i c e  conditions i n  the  Gulf of S t ,  Lawrence. Considerable i c e  
coverage of' the G u l f  occurred, and a va r i e t y  of ice  types was observed. The 
Skylsb v i s u a l  observations da ta  provide excellent  information on t h e  rap id  
variability of i c e  dynamics that have been demonstrated t o  occur a t  very shor t  
time i n t e rva l s ,  The g rea t  morphological changes t h a t  occur as t h e  new ice 
forms and as e lder  i c e  thickens a l so  w e r e  accurately observed. For example, 
t he  i c e  d i s t r i bu t i on  i n  t h e  northwestern p a r t  of the Gulf of S t ,  Lawrence on 
January 18, 1974, is  shown i n  f igure  11-1. A t  t h e  Lime of t h e  observation, 

%. s , Geological Survey, Tacoma, Washington. 

b~epartment of t h e  Environment , Ottawa, Ont a r i a .  
C 
Cold Regions Research and Engineering L a ~ o r a t o r y ,  Hanover, New 

Hampshire. 

'principal Invest igator .  



Figure 11-1.- Eastern  G u l f  of St. Lawrence on January 18, 1974 
(sL~-1.40-4216) . 
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the  wind was frcln the nor th ,  On t h e  northern shore of Ant icost i  I s l and ,  the 
advected gray i c e  can be seen with newly formed grease i c e  t o  t h e  north. 
South of Anticosti  I s l and ,  grease i c e  i s  forming i n  t he  r?alre, and i n t e r e s t i ng  
iceplume effects also occur. 

The s m e  area i s  shcwn 2 days l a t e r  ( ~ a n u a r ~  20, 1974) i n  f ~ g u r e  11-2. 
Again, t h e  wind was from t h e  north md in te red t ing  iceplumes appear i n  the  
wake south of Anticostl  Is land,  The i c e  ho? grown th icker  i n  t h e  e n t i r e  
region; d o n g  the north coast  and t o  t he  eas t  of Ant icost i  I s l and  white i c e  
has formed. Along t h e  southern coast of Quebec, a zone of newly formed grease 
i c e  appears with gray and gray-white i c e  t o  t he  south. Therefore, four 
d i s t i n c t  forms of i c e  occur between Ant icost i  Is land and t he  mainland t o  t h e  
north. The l ead  pa t t e rn  i n  t h e  white i c e  t o  t he  north and e a s t  of Ant icost i  
Island ind ica tes  t h a t  s s t re tch ing  deformation i s  occurring, The lead pa t t e rn  
to the  northwest of Ant icost i  Island &so shows t h a t  t h e  i c e  i s  i n  a strong,  
s t re tch ing  deformational mode. In  t he  iceplume region south of Ant icos t i ,  
f loes  of white i r e  are f l o a t i n g  m4ng t h e  gray-white and gray i c e .  Ice dis- 
dis t r ibu t ion  i n  t he  e n t i r e  Gulf of St. Lawrence can be observed i n  f igure  PL-3, 
which w a s  taken one o r b i t  a f t e r  t he  photograph shown i n  figure 11-2. The edge 
of the icepaclr. extends from the  southwestern t i p  of Newfoundland t o  t he  Gasp6 
Peninsula. The i c e  edge i s  qu i te  convoluted an8 i r r egu l a r  with a very complex 
morphological s t ruc tu re .  The en t i r e  plumed ice  region i n  the wake of Ant icost i  
Island i s  v i s i b l e  i n  f igure  l l - 3 ,  The newly formed grease i c e  occurs along 
t he  e n t i r e  northern edge of t he  G u l f  from the  S t r a i t  of Belle I s l e  t o  t h e  
northwest t i p  of Ant icost i  Island.  

In  all t h e  photographs of t he  Gulf of S t .  Lawrence made i n  cloud-free 
conditions, .the four forms of f ce (grease ,  gray, gray-white, and white i n  t h e  
color photographs) can be c l ea r l y  dist inguished.  The l e ~ d  and polynya pa t te rns  
a r e  c l e a r l y  d iscernible .  The da ta  c l e a r l y  ind ica te  t h a t  t he  i c e  morphology i s  
very complex and t h a t  dynamic changes occur rapidly. \r?len these  da ta  a r e  
andyzed i n  conjunction with t h e  Skylab EREP, a i r c r a f t ,  and ground measurement 
data ,  perhaps a more complete descr ip t ion of t h e  morphology and dynamics of t he  
G u l f  of S t .  Lawrence i c e  can be made. 

LAKE ONTARIO 

D ~ r i n g  t he  1973 growth period,  t h e  i c e  extent  i n  the Gulf of St. Lawerce 
was g rea te r  than normal, but  the  i c e  coverage i n  Lake Ontario was s ign i f i can t ly  
l e s s  than normal. Actually,  t he  amount of i c e  coverage was l e s s  than t h a t  
evinced i n  recent y e a r s .  

On January 8 ,  1974, Lake Ontario and the Thousand Islands region were i c e  
f r e e ,  and ground observations confirmed the absence of i c e  i n  t h e  seaway i n  
t h i s  area (fig, 11-4). Normally, at t h i s  zime of t h e  year ,  the  i c e  would 
extend t o  o r  beyond t he  i s l and  chain ( ~ a i n  Duck and ~ a l l o u )  located i n  the  
eastern end OF Lake Ontario, 
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Figure 11-2.- Eastern G u l f  of St. Lawrence on January 20, 1974, at 
16 : 04 G ,m .G . ( SL~-141-4323} . 
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Figure 11-3.- Sea i ce  in t he  G u l f  of St. Lawrence on January 20, 1974, at 
17: 40 G.m. t . (sL~-141-4331). 
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Figure 11-4. - Lake Ontario on January 8, 1974 (sL~-139-3989) . 
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On January 13, 1974, t h e  i c e  i n  t h e  seaway had formed completely and had 
an opaque, white appearance ( f ig .  11-5 ) , An intense  ~001i i lg  period c.ccurreG. 
just before t h i s  v i sua l  observation was made. The i c e  formed i n  t he  seaway 
on January 1 2  and, by t h e  time of t h i s  observation,  ranged from 10 t o  28 centi-  
meters thick. A snow l aye r  3 t o  5 centimeters thick covered approximately 
85 percent of the  i ce  area. 

A s  shown i n  f igure  l l -5 ,  black i c e  occurs westward from t h e  opaque, white 
ice boundary on both s ides  of Wolfe Island, extends beyond t.ie i s l and  chain, 
and f i l l s  t he  eas t  end of t h e  lake.  This rrewly formed black ice w a s  between 
3 and 11 centimeters th ick ,  

When compared t o  t h e  dynamic s ea  Ice of t h e  Gulf of S t .  Lawrence, the 
lake i c e  of Lake Orltario sould be c l a s s i f i e d  as  s t a t i c .  However, successive 
Skylab photographs of t h e  edge of t h e  cohesive i c e  cover provide valuable data 
on t he  rapidly changing i c e  extent ,  The exbent of the i c e  cover has a d i r ec t  
influence on t he  temperature of t he  water enter ing the  S t .  Lawrence River. 
During a cold period, a small area  of i c e  coverage w i l l  cause the water enter- 
i n g t h e  St .  Lawrence River t o  be supercooled, which enhances t h e  formation of 
f r a z i l  i c e  i n  the  western end of t h e  r i v e r ;  a l a r g e  a rea  of i c e  cover w i l l  
prevent t h e  formation of f r a z i l  i c e .  Morphological changes that occur i n  t he  
ice cover downstream i n  the St, Lawrence River can be i n f e r r ed  from s tud ies  of 
s a t e l l i t e  photographs cf :he .ice edge dynamics. 

OBSERVATIONS IN GTIlER A R U S  

Ice  morphology and dynamics a l s o  were observed i n  James Bay, Canada. I n  
t he  near fu tu re ,  hydroelect r ic  dams now under construction w i l l  cause s i g n i f i -  
cant changes in the i c e  regime of t h i s  bay; the re fore ,  the  Skylab 4 da ta  w i l l  
provide valuable baseline information f o r  assessing t h e  extent  of these  
changes. 

The Skylab 4 photographs of t he  Bering Sea w i l l  he lp  elucidate t h e  corn- 
plexhehavior  of t h e  sea  i ce ;  comparison o r  these  photographs with t he  da ta  
obtained a year e a r l i e r  by t he  Jo in t  U.S.S.R. and U . S .  Bering Sea experiment 
(BESEX) a l s o  w i l l  be useful .  

The Japanese and Russian s c i e n t i s t s  a re  i n t e r e s t e d  i n  the Skylab 4 obser- 
vetions of t h e  Sea of OMotsk where t h e  sea ice has a morphology similar t o  
t h a t  of sea  ice  i n  t he  Bering Sea. 

Perhaps the  most i n t e r e s t i ng  Skylab 4 i ce  observations of o ther  areas a r e  
those of Antarct ic icebergs.  The Skylab 4 crewmen obtained time-seguenced 
photographs of several  very l a rge  t abu l a r  icebergs i n  the  v i c i n i t y  of South 
Georgia I s l and .  One of these  icebergs measured approxim~tely  45 by 60 k i l s -  
meters and may be t he  l a rge s t  iceberg ever observed a-t; such a low l a t i t u d e  - 
(fig. 11-6). Recent research has suggested t he  f e a s i b i l i t y  of tcwing Antarc- 
t i c  t abu la r  icebergs t o  se lec ted  areas an6 using them for  water supplies.  
Skylab 4-type observations could provide many needed data  on the  d i s t r i bu t i on ,  



F i p r e  11-5. - Lake Ontario on January 13, 1974 ( S L ~  lh0-4097 ) . 
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Figure 11-6.- Tabular Antarctic iceberg in the v i c i n i t y  of South Georgia 
Island (5~4-142-4577}. 



s i z e ,  and drift of icebergs I n  Antarct ic waters. Because many icebergs a re  
nr? of a size observable by meteorological s a t e l l i t e s  ar,d because Earth 
Resources 'Technology S a t e l l i t e  images of a given area call be obteined only 
every 18 days, Skylab 4-type photography may be the  bes t  way t o  observe ice-  
bergs and t o  measure the i r  drift t r a j e c t o r i e s ,  

CONCLUDING REMARICS 

The Skylab 4 v i sua l  observations data are extremely useful t o  researchers 
in the f l oa t i ng  i c e  d i sc ip l ine .  The high information content i n  t he  data  from 
t h e  two main study areas and from other areas can pro~rid? needed information 
on a great  variety of t op i c s ,  such as ship routing i n  ice-infested waters,  
v a r i a b i l i t y  of ice extent  as r e l a t ed  t o  weather, icebergs as a f r e sh  water 
source, and thermodynamic s tud ies  of ice/water in te rac t ion .  

Illthough many aspects of f l oa t i ng  i c e  can be s tud ied  by use of unmanned 
s a t e l l i t e s ,  the  Skylab 4 data show t h a t  man i s  necessary as a data-collect ing 
t o o l  f o r  c e r t a i n  observation t asks .  Because he has t h e  a b i l i t y  t o  select and 
t o  focus on spec i f i c  observation areas wherz the re  i s  a wide var ie ty  of activ- 
i t y ,  and because he can rapidly choose t h e  period and extent  of data  collec-  
t i o n ,  man is  necessary l o r  Earth observations from space. The Skylab 4 lake  
and sea  i c e  experiment has accomplished its object ives ,  spec i f i c a l l y  because 
of the  information obtained by t he  crewmen on the  Visual Observations Project .  
Tnerefore , it i s  s t rongly  r ea  ommended that fu tu re  manned space programs, such 
as the Apollo-Soyuz Test ProJect  and t he  Space Shuttle Program, should acquire 
v i s u a l  observations and time-sequenced photographs of f l oa t i ng  i ce .  



12. PRELIMINARY REPORT ON METEOROLOGY 

William E. shenkaf 

Og t h e  S w l a b  4 inission, handheld photographs were taken of numerous 
meteorological phenon:efia ~ n c l u 2 i n g  thunderstorms, t r o ~ i c n l  cyclones, ext ra-  
t r o s i c a l  cyclones, S.ntertrorl izal  convergence zones, moun-t;ain waves, convection 
i n  t h e  cold  a i r  passing over warrn~r water ,  orographic convection, j e t  stream 
c i r r u s ,  i s l a n d  vortex snd convection e f f e c t s ,  s e a  breezes, cloud s t r e e t s ,  a i r  
p r l l u t i o n ,  and o ther  small-scale atmospheric c i r c u l a t i o n s .  There a r e  many 
s ~ e r e o g r a p h i c  image pairs t h a t  can provide q u a n t i t a t i v e  information on t h e  
v e r t i c a l  dimension. The photographs, t h e  desc r ip t ions  by t h e  crewmen, and 
other  d ~ t a  provide exce l l en t  sources of information f o r  t h e  study of t h e s e  
meteorological phenomena. Spec i f i c  examples of the value of  thc photo- 
graphs f o r  some of t h e  phenomena axe discussed i n  t h i s  prel iminary repor t .  

EXTRATROPICAL CYCLONES 

The high r e so lu t ion  and image con t ras t  of t h e  70-millimeter c ~ l o s  photo- 
graphs provide an opportunity t o  see t h e  d e t a i l s  of t h e  cloud s t r u c t u r e  
associa ted  with e x t r a t r o p i c a l  storms that normally cannot be seen i n  ava i l ab le  
meteorological s a t e l l i t e  images. A well-organized cloud p a t t e r n  associa ted  
with an e x t r a t r o p i c a l  cyclone i s  shown i n  f i g u r e  12-1. This cyclone, l aca ted  
near l a t i t u d e  40O S (approximately 3200 ki lometers  e a s t  of  New zealand) ,  
exh ib i t s  a s p i r a l  conf igura t ion  t h a t  i s  usual ly  a s i g n  of an occluded storm. 
The Low Sun angle and oblique photographic angle  enhance t h e  d e t a i l s  of the  
cloud s t r u c t u r e  within t h e  main f r o n t a l  band. There i s  considerable evidence 
of convective a c t i v i t y ,  both i n  t h e  f r o n t a l  band and near the end of t h e  
s p i r a l ,  nc t  far from the storm cen te r .  Most of t h e  convective a c t i v i t y  i n  the  
band i s  near  t h e  r e a r  edge and, t h e r e f o r e ,  near t h e  occluded or cold  f r o n t .  
The convection near t h e  cen te r  is  probably produced by a cold pool of air ir; 
t h e  middle troposphere and a warm sea-surface temperature s u f f i c i e n t  t o  cause 
a r e l a t i v e l y  s teep  l a p s e  r a t e ,  Given t h e  same midtropospheric temperatures, 
i f  t h e  cyclone were Ecr ther  south over much colder  water, :he l ike l ihood  of 
t h i s  convection woulr' b e  l e s s .  

An oblique photog-3ph of another e x t r a t r o p i c a l  a t o m  over t h e  South 
Atlantic i s  shown i n  f i g u r e  12-2. The oblique view provides a look a t  the  
clouds from t h e  s ide .  Inferences can be  made regarding t h e  v e r t i c a l  and 
hor izon ta l  wind f i e l d s  from t h e  cloud s t r u c t u r e  of t h e  cumuLonimbus buildups 

%ASA Goddard Space F l igh t  Center.  

'pr incipal  i n v e s t i g a t o r .  

12-1 



Figure 12-1.- Cloud pat tern  associated with extratropical cyclone near 
Eew Zealand (sL~-137-3565 ) . 
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Figure 12-2.- Ektratropical storm over the South Atlantic (~i.4-136-3497'). 



and towering cumulus i n  a cloud band on t h e  equator s i d e  of t h e  storm center  
(under t h e  c i r r u s  s h i e l d  of  the cloud s p i r a l  near t h e  horizon). The low-level 
winds must have a wester ly  component t h a t  i s  consis tent  with t h e  c i r c u l a t i o n  
around t h e  port ion of t h e  cyclone neares t  t h e  Equator. However, t h e  c i r r u s  
blowoff from t h e  t o p  of t h e  cumulonimbus clouds indicates an e a s t e r l y  com- 
ponent, o r  less of a wester ly  component, i n  t h e  upper troposphere. It cannot 
be determined whether t h e  winds are e a s t e r l y  because t h e  eastward shearing of 
t h e  c i r r u s  blowoff could be produced by t h e  f a s t e r  eastward movement of the 
e n t i r e  band rather than by the  speed of west winds a l o f t .  Apparently, t h e r e  
i s  not a strong v e r t i c a l  shear up t o  t h e  tops  of t h e  towering cumulus clouds 
because t h e r e  is no evidence i n  t h e  photograph of blowoff from the  tops .  

Ih a l a t e r  r epor t ,  t h e s e  i n t e r p r e t a t i o n s  of f i g u r e s  12-1 and 12-2 will 
be combined with o ther  d a t a  sources t o  provide a more d e f i n i t i v e  desc r ip t ion  
of each event. 

dm STREAM CIRRUS 

A good example of c i r r u s  clouds associa ted  w i t h  a subt ropica l  j e t  stream 
over t h e  southwestern United S t a t e s  i s  shown i n  f i g u r e  12-3. This photograph 
i s  one-hslf of a s t e r e o p a i r ,  When t h e  p a i r  is  viewed through a stereoscope,  
it i s  evident  t h a t  t h e  c i r r u s  i s  loca ted  a t  many l e v e l s .  This ind ica tes  t h a t  
e r r o r s  i n  est imating t h e  cloud-top height  would be made Tar ind iv idua l  cloud 
elements i f  t h e  c i r r u s  cloud tops were assumed t o  be at a uniform height. The 
height e i f f e rences  ind ica t r  the value of s tereoscopic techniques for rrseasuring 
cloud top  heights  and the  d i f f i c u l t i e s  t h a t  would be encountered i n  t r y i n g  to 
use any radiometric  techriique t h a t  depends on temperature o r  cloud emissivity, 
i f  t h e s e  va r i ab les  c c 6 9  n o t  'be determined. It is also evident t h a t  a valu- 
able amount of wind p!:ofile information could be gathered on t h e  upper t ropo-  
sphere i f  t h e  cloud motions f o r  each element could be obtained from a s e r i e s  
of geosynchronous s a t e l l i t e  images and i f  t h e  cloud top heights  could be 
accura te ly  determined. 

A c l a s s i c  example of t h e  e f f e c t s  of cold  air flowing over a warmer water 
surface i s  shown i n  f i g u r e  12-4. I n  t h i s  photograph, cold,  r e l a t i v e l y  dry a i r  
flows Troln t h e  northwest across New England and New 'Iork. Only a s h o r t  d i s -  
tance  offshore ,  enough moisture, i n s t a b i l i t y ,  and convergence a r e  crea ted  i n  
t h e  lower troposphere f o r  t h e  formation of stratocun:ulus. 

These clouds become more widespread f a r t h e r  of fshore ,  and t h e  m o s t  in tense  
cloudiness appears t o  be downstream from t h e  clouds t h a t  formed rienrcr t h e  
coast .  The crewmen observed t h e  same s i t u a t i o n  over t h e  Great Lakes, where t h e  
most in tense  cloudiness appeared t o  be generated from clouds t h a t  formed tx 

short  d i s t ance  offshore  a f t e r  t h e  air  had moved offshore .  This  information 
could be valuable f o r  predic t ing  a r e a s  03 locally heavy snowfall along t h e  



Figure 12-3.- Jet stream cirrus over the southwestern United Sta tes  

(sL~-141-4390). 
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Figure 12-4.- Cold air advection over warmPr ~ater off the New England 
coast  (5~4-139-35 90 ) . 



windward shores of the Great Lakes. Adjacent to the areas of greatest activity 
aver the  ocean, there was enough convective overturning within the unst~ible 
layer to produce subsidence t h a t  was suf f ic ien t  t o  produce c lear  regions. 

Several hundred kilometers southeast  of t h e  New England coast, there are 
two long, thin l i n e s  of higher clouds with their shadows plainly visib1.e on 
the lower clouds. This t y p e  of cloudiness is often associated w i t h  the det 
stream and has been a diagnostic tool for locating the position of the jet 
stream with meteorological satellite data. 

CONCLUDING R W K S  

Photographs taken from an Earth-orbital satellite are useful. in under- 
standing meteorological phenomena and in predicting meteorological conditions. 
Stereographic photographs a r e  particularly helpful i n  forming accurate es t i -  
mates of t h e  dimensions of cloud Tentures  and understanding the ways in which 
Chese features interact t o  produce meteorological xnenomena. 



13. CLOUD FEATURES 

David E. ~ i t t s , ~ '  Y. .os&i,b J. ~ e i n , ~  and J. T. beec 

Visual observations and photographic documerrtation of cloud s t r e e t s  and 
severe storm features by the Skylab crewmen have provided information pert inent 
t o  thr- s tudy of storm system development. F'urther study of the Skylab data i n  
conjunction with ground measurements will 'oe required t o  f u l l y  Gocument the 
utility of man's observations i n  the  analysis  of meteorological fea tu res ,  

CLOUD STRErnS 

Cloud s t r e e t s  are long l i ne s  of cumulus clouds separated by nalbrow, c lea r  
areas. These clouds usually form a t  low altitude along t he  low l eve l  vdnd, but 
occasionally these clouds form perpendicular to t h e  wind vector.  

The crewmen's task was t o  photograph cloud-street pat terns ,  t o  est imate 
t h e  physical dimensions of cloud s t r e e t s ,  and t o  describe t h e i r  re la t ionship  t o  
other cloud features and to land featu:es. The purpose of this invest igat ion 
was to obsellve whether cloud s t r e e t s  manifested moisture convergence and 
whether cloud-street curvature had a source of angular momentum for ro t a t i ng  
storms t h a t  might produce tornadoes. 

The Skylab 4 crewmen observed and photographed many i n t e r e s t i ng  examples 
of cloud s t r e e t s .  Because these observations were made during t he  winter ,  most 
of the  cloud s t r e e t s  were observed over t he  Great Lakes i n  t he  United Sta tes  
and over South America. Cloud s t r e e t s  over the Great Lakes were caused by cold 
a i r  occurring over warm water, whereas those over South America were due t o  
thermal convection caused by so la r  heating (either over land or water). 

The crewmen did not observe cloud s t r e e t s  a t  rnidla t i t~ides  (e .  g. , those 
that  originated i n  the In t e r t rop i ca l  Convergence Zone ( ITCZ)) .  Perhaps this 
phenomenon did  not occur at this time of year, the Skylab t t l t i tude w a s  not high 
enough f o r  t he  synoptic perspective needed t o  observe t he  ?henomenon, or  the  
phenomenon does not occur i n  the ITCZ. 

%ASA Lyndon 3. Johnson Space Center. 

b ~ h e  University of Oklahoma. 
C; National Severe Storm Laboratory of the National Oceanographic and 

Atmospheric Adninistration. 

t ~ r i n c i p a l  Invest igator .  



The crewmen acquired i n t e r e s t i ng  new data on cloud s t r e e t s ;  however, fur 
future manned missions, additional detailed observations would prove useful  in 
determining t h e  re la t ionships  between land fea tu res  and cloud s t r e e t s ,  For 
example, as shown i n  figure 13-1, the  cloild s t r e e t s  over ;Ionduras seem t o  
terminate abrupt ly  f o r  no apparent reason. Th i s  condit ion could be caused by 
changes i n  t h e  convection s t rength  of windspeed or  by moisture ava i l ab i l i t y .  
Additional crewmen comments on apparent causes f o r  t h i s  phenomenon would be 
helpful i n  explaining mesoscale c i rcu la t ion  pa t t e rns  i n  t he  global c i rcu la t ion .  
Figure 13-2 i s  a photograph of what appears t o  be a r o l l  cloud immediately i n -  
land on t he  coas t  of South America. This cloud may have been c&used by the  
in teract ion of seabreeze and some type of b a r r i e r  (mountains o r  a f r o n t ) .  
Some of t he  c i r r u s  clouds migh* have been caused by smoke from brush f i r e s .  If 
this hypothesis is  t rue ,  t h e  photographs w i l l  need t o  be re in te rpre ted .  

In  addi t ion t o  acquiring data  on cloud s t r e e t s ,  the crewmen were ab le  t o  
determine wind direct ion,  which was helpful  i n  tne photographic analyses. 
They a l so  acquired more s te reopa i r s ,  which a r e  required for comprehensive 
cloud-feature analyses, than had been acquired on previous manned missions. 

The crewmen observed many cloud colors i n  the  down-Sun ( a n t i s o l a r )  direc- 
t i o n .  This g lo ry  effect  (zero-phase angle) ,  which had not been observed from 
space before t he  Skylab 4 mission, seemed t o  emanate pr imari ly  from c i r r u s  and 
s t r a t u s  clouds. The s i z e ,  shape, and associated phenomena, and color d is t r ibu-  
t i o n  may be  used t o  d is t inguish  t he  type of cloud, t he  droplet  s i ze ,  d is t r ibu-  
t i o n ,  e t  ce te ra .  Further discussion with t h e  crewmen w i l l  be needed to 
c l a r i f y  this poss ib i l i ty .  The re la t i ansh ip  of color  t o  the  edges of severe 
storms should b e  invest igated i n  the Apollo-Soyuz Test Project  (ASTP). 

The crewmen were asked t o  observe cloud-street pa t t e rns  on consecutive 
passes and t o  i n t e rp r e t  surface-feature e f f e c t s  and cloud-street  convergence, 
divergence, o r  oscillation f o r  several  hours. This t a sk  was not accomplished, 
primarily because work schedules often precluded constant observation. 

The crewmen photographed many examples of cloud-street  curvature,  b u t ,  
because of t h e  l imi ted time a l l o t t e d  f o r  observations, only a f e w  comments con- 
cerning curvature were recorded. Future observations of these  features shcu2.d 
be made over the United S t a t e s  where high-density supporting ground meaa-uement 
is available f o r  E-:mining the cause of such curvature.  

PERPE%DICULAR CLOUD STREETS 

A downwind z i o ~ d  off  t h e  i s l and  Fernando ar Noronha, whicn i s  located 
'-i,croximatel;. 480 kilometers northeast  of Recife, Braz i l ,  and a background of 
cloud s t r e e t s  t h a t  a r e  orien$ed perpendicular t o  t he  downwind cloud a r e  shown 

figure 113. The ITCZ nor th  of the i s land  and t he  t ransverse  cloud s t r e e t s  
driented north-south, which ind ica te  an  eastward flow, are shown i n  f ig -  
' X e  13-11, an Applications T ~ c h o l o g y  S a t e l l i t e  (ATS-3) photograph. The island- .- L+- . , :l.>ud i s  therefore west  of the  island.  These da ta  were co l l ec ted  cn 

, 13 74, . ~ t  12:27 ~:r.rei,iri,-h mran time ((3.m. t. ) . The character of this 



Figure 13-1.- Handheld photograph o f  cloud streets  over Honduras 
( SL~-138-3796) . 

REPRODUCTnTf,lT"S OF T r n  
O R I G M ,  PA(;!: IS POOR 



Figure 13-2.- Handheld photo@;raph of ro l l - type  cirrus cloud 
(8~4-139-3943 ) 





Figure 13-4.- An ATS-3 synoptic photograph taken at  approximately 
the  same time as figure 13-3, 



downwind cloud ind ica tes  a flow wi th  a low Reynolds number (6 t o  60). The 
background clouds are Frobably cloud s t r e e t s  t h a t  a s e  forming t ransverse  waves 
perpendicular t o  the  mean flow. These t racsverse  waves do not occur as f re -  
quently as the  more common roll-type cloud s t r e e t ,  which forms along t h e  mean 
flow. Figure 13-4 i s  s ign i f i can t  because i t  shows the  breakdown of t he  meta- 
s t ab l e  transverse cloud streets by a perturbation from the  i s l and  t ha t  caused 
t h e  more favored rol l - type cloud s t r e e t  t o  occur. S imi lar  small perturbations 
over land may t r i gge r  severe storm genesis  because pre inciplent  storm condi- 
t i ons  o f ten  may ex ig t  i n  metastable equ i l ib r ium 

CLOUD STREFTS 0VE;R LAKE SUPERIOR 

Unusuul cloud s t r e e t s  over ,eas te rn  Lake Superior a r e  showr- i n  f igure  13-5. 
These da ta  were taken at 18:21 G.m. t .  on January 10,  1974, when Lake Superior 
?ad l i t t l e ,  i f  any, i c e  cover. This photograph i s  inpor tant  because t he  cloud 
s t r e e t s  seemingly i nd i ca t e  a region of convergence i n  the  middle of the lake  as 
manifested by the  dense cloud l i n e ,  which i s  or iented east-west. The cloud 
s t r e e t s  a l s o  ind ica te  a curvature t h a t  fams an  apparent cyclonic r o t a t i on  i n  
the region of convergence. Light winds, cold temperatures, and high humidity 
were evident over t he  Great Lakes with a surface low i n  the  Appalachian 
Mountains. The surface meteorological char t  a t  18:00 G . m . t .  showed no apparent 
cause for the l i n e  of convergence, the cloud-street  convergence, or  the  curva- 
ture. With this pa r t i cu l a r  condition, t he  water i n  t h e  l d i e  i s  probably near 
the  i'reezing point ,  and the air tenperature over t h e  lake i s  probably 266.5 t o  
272.05 K lower. This s i t ua t i on  c rea tes  s i gn i f i c an t  atmospheric convection. 

Many of t h e  cloud s t r e s t s  are p a r a l l e l  t o  the  shoreline.  This condition 
indicates  t h a t  t he  heat source represented by t h e  lake and t he  cold s ink repre- 
sented by t he  land can produce coupling e f f ec t s  t h a t  might i n t e r a c t  with t he  
mean flow t o  produce regions of high r e l a t i v e  angular momentum. Figure 13-5 i s  
s ign i f i can t  because it supports the  i dea  t h a t  loca t ions  wi th  a high incidence 
of severe storms may produce t h i s  qame heating d i f f e r e n t i a l  if oreas of land 
t h a t  vary i n  usage and temgeratwe are closely  r e l a t e d  geographically. This  
phenomenon c o d d  account f o r  th?  source of angular momentum f o r  the  tornado- 
producing clou2;. Regions of the  world t h a t  have l a rge  areas  devoted t o  
specific land use p rac t i ces  can produce l a rge  temperature d i f f e r e n t i a l s  and may 
exhibit t h i s  same eTfect.  Urban areas t h a t  zre adjacent  to cool  water o r  green 
vegetation and mature wheatfields adjacent t o  coo l  water or vegetat ion a r e  t w o  
examples . 

MECHANICAL PROCESSES ASSOCIATED WITH ISLAND CLOUD PATTERh'S 

Although t he  K6rmBn vor t i ces  and lee grav i ty l ike  wave have been previously 
observed and studied r a the r  extensively, the  s tud ies  have been somewhat l imi ted 
by a lack of adequate meteorological data.  Selected Skylab 4 photographs of 
Urmgn vor t i ces  have renewed the  i n t e r e s t  i n  studying this phenomenon. For 





exmple ,  the Korean i s l a n d  of Cheju-Do, located  i n  a region rel- . . ' .vely r i c h  i n  
meteorologj.cal data just sguth of South Korea (33.5O i; 126.5~ Ej, is a mountain 
i s l a n d  favorably posi t ioned f o r  t h e  mechanical generat ion of K6rmrin v o r t i c e s ,  
These pattltrns have been observed regu la r ly  during winter  by Earth-orbit ing 
s a t e l l i t e s  because such studies f u r t h e r  t h e  unde~s tand ing  cf turbulent  t r ans -  
pqr t  processes i n  t h e  p lanetary  boundary l aye r .  

The bow.-shock-type waves photographed by t h e  Skylab 4 crewmen a r e  unusual 
and excit;ng. One such photograph ( f i g .  13-6), taken over Campbell I s l and  
a2proximat,ely 644 ki lometers  south of New Zealand, showed a well-defined bow- 
t y p e  we e do'qnwind of t h e  i s l and ,  but a shock-type wave was not  evident .  The 
crewmen described it as "a bow wave as though from n ship." 

Another photograph (fig. 13-7) , which was accompanied by extensive 
descr ip t ion  by t h e  crewmen, was taken over Diego Alvarez I s l and  at  approxi- 
mately l r 8 O  S b0 W; a bow-type wave accompanied by a well-defined shock-type 
wave i s  shown i n  t h e  f igure .  The crewmembers described t h e  wave as being 
similar t o  a supersonic flow i n  which an ob jec t  causes a diamond shock effect, 
Preliminary inves t iga t ions  r evea l  t h e  p o s s i b i l i t y  t h a t  these  waves may be 
g rav i ty  :;hock waves t h a t  are generated i n  a n e u t r a l  o r  s t a b l e  p lanetary  bound- 
a ry  l a y e r  i n  whi" t h e  mean windspeed exceeds t h e  propagation speed of t h e  
i n t e r n a l  gravity wave. The combination of a v a i l a b l e  meteorological data and 
photogrephic observations such as these  should increase  t h e  understanding of 
gravity--generated shock waves and, hence, p lane ta ry  boundary layer dynamics. 

SEVEXE STORM EWIFiONMENTS 

Although inspection of t h e  cloud photographs has been l i m i t e d  t o  da te ,  
these shotographs obtained by the  Skylab crewmen have s t imula ted  i n t e r e s t  i n  
fu r the r  inves t iga t ions .  Some of them c l e a r l y  i n d i c a t e  phenomena t h a t  were 
here tofore  unknown. The photographs w i l l  be used e f f e c t i v e l y  f o r  a b e t t e r  
understanding of severe storm development and severe storm environments. 
Other pho togra~ns  not discussed i n  t h i s  repolat are l i s t e d  i n  t a b l e  13-1. 

RECOMMENDATIONS 

I n  t h i s  experiment, the c r e ~ m e n ~ s  observations were e s p e c i a l l y  h e l p f u l  i n  
t h e  search f o r  new and unusual phenomena, e s p e c i a l l y  r a r e  small-scale phenomena 
involving ro lo r .  To increase  man's c a p a b i l i t y  as an observer, Inore t o o l s  such 
a s  i n f r a r e d  scanners, polarimefers ,  spectrometers w i th  real-time output, low- 
l i g h t - l e v e l  in tens i fy ing  systems, s t e reopa i r  viewing systems, wsath?~ c h a r t s ,  
s a t e J l i t e  da ta  p e r t ~ i n i n g  t o  t h e  weather, e t  c e t e r a ,  should be supplied. r'or 
ASTP and e a r l y  Shuztle f l i g h t s ,  crew aids such a s  FLLaroid cameras and sir.gie- 
l e n s  r e f l e x  viewing capa3i l icy  should be provided. 

The ana lys i s  of  some photographs i s  d i f f i c u l z  because time was not 
recorded automatical ly foz each photograpnic frame, and a spacecraf t  ephemeris 



Figure  13-6.- Atmospheric bow wave in lee of CampbeJ.1 Island 
(sL~-137-3668 ) . 



Figure 13-7.- Complex atmospheric: wave in lee of Diego Alvarez Island 
(sL~-137-3632) . 



TAf3LE 13-I.- PHOTOGRAPHS PERTAINING TO Sb'IVERE SVORM EZWIROIMENTS 

Frame no. Area. Zomment s 

Production of arc l i n e s  of cumulus and cumulonimbus 

SL~-138-3767 

SL~-130-3798 

SL~-137-3681 

SL~-136-3436 

Bougainville Islands 

Cozwnel Island, Mexico 

East of Argentina 
, 

East of Taiwan 

Heating and or ographic 
effects of is land.  

Thunderstorm development 
on an a r c  l i n e  with 
c l e a r  area on one s ide  
and cloudy area on the  
other.  

A l i n e  of thunderstorms 
wi th  new c e l l  development 
produces arc l i ne s  of 
cumulus. 

A f r o n t a l  system produces a 
line of cumulus and 
cunlulonimbus , presumably 
the early stage of a 
squa l l  l i n e  fo rmt ion .  I Supercell-type t' ,~derstorms 

sL4-138-3798 

8~4-138-3805 

Cozumel I s land ,  Mexico 

East of North and 
South Carolina 

Skylab photographs yield 
a remarkable ove ra l l  
view of severe storm and 
severe storm environment. 

Cloud s t r e e t s  entering i n t o  
storm center a re  remark- 
ably clear i n  conJunction 
with the  overa l l  thunder- 
storm complex. 



f o r  v i sua l  observations was not available f o r  the pre l iminary  screening.  
These areas should be planned carefully f o r  ASTP. 

The capab i l i ty  of man t o  take  high oblique photographs and storeophoto- 
graphs in space is unique. This capability should be used to t h e  Tullest 
ex t en t  i n  Tuture missions. The invaluable informittion gained from the Skylab 
crewmen's visual observations and photographic documentations indicates the 
value of future manned s c i e n t i f i c  missions. 



1 4 .  PRELIMINARY ANALYSIS OF THE SKYLAB 4 IMAGERY 

OF ATMOSPHERIC POLLUTION 

a Darryl Randerson 

The usefulness o f  s a t e l l i t e  photographs i n  de tec t ing  and evaluat ing 
atmospheric po l lu t ion  events  has been demor.strated ( r e f s .  14-1 t o  14-31, The 
Skylab 4 imagery o f f e r s  improvements over previous s a t e l l i t e  observations of 
po l lu t ion  because t h e  crewmen were spec ia l ly  prfy?azQed t o  observe air po l lu t ion  
phenomena and other  f e a t u r e s  of geophysical and meteorological i n t e r e s t  
through l e c t u r e s  presented by t h e  mul t id i sc ip l ine  Visual  Observations Projec t  
Team members and through individual  study. Resul ts  of t h e  prel iminary analy- 
sis  of some of the 70-millimeter imagery of atmospheric p o l l u t i o n  taken by t h e  
crewmen are  discussed in t h i s  r e p o r t .  

DATA 

During t h e i r  84-day mission, t h e  Skylab 4 crewmen tool< more than 
1300 photographs of t h e  Earth with a handheld, 70-millimeter Hasselblad can- 
era ,  Preliminary review of t h e s e  photographs revealed approximately 1 5  t o  
Y useful  p ic tu res  of atmospheric pol lu t ion  epieodes. The imagery can be sep- 
a ra ted  i n t o  two ca tegor ies  of fundamental sources of po l lu t ion :  na tu ra l  and 
manmade. Natural sources cons i s t  of  dust cloucls, n a t u r a l l y  induced f o r e s t  
f i r e s ,  and smoke generated by volcanic activity. Manmade sources inc lude  
brush f i r e s ,  i n d u s t r i a l  smoke plumes, p a l l s ,  c o n t r a i l s ,  and s h i p  t r a i l s .  One 
.photograph of spec ia l  i n t e r e s t  shous a snow plume t h z t  may have r e su l t ed  from 
t h e  input  of a manmade energy source.  The r e s u l t s  of t h e  debr ie f ing  of t h e  
Skylab 4 crewmen and of t h e  i d e n t i f i c a t i o n  and prel iminary examination of some 
of the more i n t e r e s t i n g  photographs are discussed i n  t h i s  sec t ion .  

ANALYSIS 

Sakura-zima Volcanic Ac t iv i ty  

The volcanic island of Sakura-zima i s  located  i n  t h e  northern p a r t  of' 
Kagoshima Bay. According t o  t h e  Center for  Short-lived Phenomena a t  t h e  
Smithsonian I n s t i t u t i o n ,  emissi.ons of  volcanic smoke began on IJovelriber 27, 
1973. Local r epor t s  from Kagoshima, located  approximately 1 0  ki lometers  w e s t  

a 
A i r  Resources Laboratory, Las Vegas, Xevada. 



of t h e  Volcano, indica ted  frequent explosions with detonat ions ,  a i r  shocks, 
and strong emissions of smoke reaching a l t i t u d e s  of approximately 4000 meters. 
A 70-millimeter photograph of t h i s  volcano, taken on January 7 ,  1974, i s  shown 
i n  figure 14-1, In  t h i s  photograph, t h e  v i s i b l e  smoke plume extends toward 
t h e  southeas t ;  however, as t h e  plume crosses  over t h e  extreme southern end of 
Kpshu, it appears t o  d i f f u s e  r ap id ly  and fan  out  toward t h e  nor theas t .  Dur- 
ing debr ief ing ,  t h e  cr?wmen indica ted  t h a t  it appeared t o  them t h a t  t h e  plume 
had r i s e n  t o  a higher e l eva t ion  where the wind was more southwestsr ly.  Fur- 
the r  inves t iga t ions  a r e  planned 'to attempt t o  determine t h e  cause of these 
changes i n  t r a j e c t o r y  and d i f fus ion  c h a r a c t e r i s t i c s .  Preliminary est imates 
ind ica te  t h a t  t h e  plume i s  approximately 125 ki lometers  long. 

Argentine Fores t  F i r e s  

During t h e  period from December 16, 1973, t o  January 6 ,  1974, t h e  worst 
woodland f i r e s  i n  Argentine h i s t o r y  occurred i n  t h e  sparsely populated area of 
t h e  central La. Pampa T e r r i t o r y .  The f i r e s  were reoort.ed t o  have consumed 
5000 square kilometers (1 .2  mi l l ion  a c r e s )  of densely fo res ted  land.  Some of 
the trees destroyed by t h e  fires were 300 t o  400 years  o ld .  Thousands of 
c a t t l e  were a l s o  6ast.royed on ranches i n  t h e  a rea .  Weather condit ions during 
the  burning were reported t o  have been very hot;  a temperature of 31.6 K 
(110' F)  was spec i f i ed  i n  one r e p o r t .  Wind d i r e c t i o n s  were reported as var i -  
able with soeeds est imated at 4 to 9 m/sec, Some thunderstorms were  reported 
i n  the  v i c i n i t y  of t h e  f i r e s .  

A photograph of L a  Pampa T e r r i t o r y  taken on December 28, 1973, i s  shown 
in figure 14-2, A r a t h e r  l a r g e  smoke plume and accompanying p a l l  a r e  v i s i b l e  
across t h e  center  of the pho togr~ph .  Observations by t h e  crewmen on Decem- 
ber  20 and 28 indica ted  t h a t  t h e  s p a t i a l  coverage by t h e  smoke pall was exten- 
s ive ,  The crewmen a l so  ind ica ted  t h a t  t h e  smoke appeared t o  be %il lowing 
s t r a i g h t  up, an observation implying t h a t  t h e  surface wind conditions may not 
have been a s  s trong as prel iminary repor t s  indica ted .  

African. Blush Fires 

The imagery presented i n  f i g u r e  14-3 i s  a 70-millimeter photograph oF 
numerous brush f i r e s  i n  Afr ica .  Debriefing exchanges with t h e  crcwrnen revealed 
t h a t  these  f i r e s  covered an a r e a  of approximately 40 000 square ki lometers  i n  
Nigeria, Chad, and Cameroon. On January 26, 1974, t h e  crewmen reported a 
spectacular  n ight  scene of f i r e s .  These f i r e s  had a l s o  been observed by t h e  
crewmen on January 24, when they  noted t h a t  smoke-plume orientation 
indicated low-level f l a w  from the  ccrCneast. Figure 14-3 certainly c o n s t i t u t e s  
a dramatic por t r aya l  of t h e  s p a t i a l  coverage of smoke generated from large-  
sca le  slash-burning i n  Africa. 



Figure 14-1.- Sakura-zima volcanic plume on January 7 ,  1974 
(sL~-139-3942 ) . 



Figure 14-2,- Photograph taken on December 28, 1973, of a smoke plume 
and pall originat ing from Argentine woodland f i res  (sL~-138-3753 ) . 



Figme 14-3.- African brush f i x e s  in progress on January 26, 1974 
( SL~-138-3768 ) . 



Louisiana Smoke Plumes 

A t  approximat c ly  15 : 00 Greenwich mean time ( s . m a t  . ) , December 7, 1973, 
t h e  Skylab 4 crewmen took a spectacular  photograph ( f i g ,  1 4 - 4 )  of two ra ther  
long smoke plumes emanating from unknown sources on t he  c e n t r a l  Louisiana 
coast .  Preliminary analys is  of t h e  imagery indicated t h a t  t he  v i s i b l e  pa r t  of 
t h e  eas tern  plume was approximately 125 kilometers long and approximately 1 t o  
2 kilometers wide. The western plume was estimated t o  be 150 kilometers long 
and approximately 2 kilometers wide. Both plumes extended due southward i n t o  
the Gulf of Mexico, a movement indicat ing a nor ther ly  airf low. The l imi ted 
hor izonta l  extent  of the  v i s i b l e  plumes implies  t he  l ack  of d i rec t iona l  wind 
shear i n  space and time and tends t o  imply a laminar-type flow. 

A meteorological analys is  of the  surface  synoptic s i t ua t i on  a t  
l5:OO G,m,t. on December 7,  1973, helped confirm t h e  flow cha rac t e r i s t i c s  
in fe r red  from the  imagery. The eas tern  hal f  of t h e  United S t a t e s  w a s  
dominated by a la rge  polar  airmass centered i n  Missouri. This s i t ua t i on  
resi-rlted i n  a northerly t o  nor theas ter ly  flow i n  t h e  surface layer.  Analyses 
of t he  12:OO G,m,t, rawinsonde data fo r  Lake Charles, Louisiana ( located 
agproximately 125 kilometers west-northwest of t 3e  eas tern  plume) revealed t he  
presence of an isothermal temperature layer  extending from ju s t  above t h e  sur- 
face  t o  approximately 1200 meters (4932 f e e t )  above mean sea l eve l .  Northerly 
d n d s  through t h i s  1200-meter l ~ y e r  averaged approximately 8 m/sec. Given the  
approximate plume dimensions and the mean speed of the wind t ranspor t ing t he  
plume, t he  simple formulas proposed i n  references 14-4 and 14-5 and used 
recent ly  i n  reference 14-2 can be applied t o  obta in  an est imate of the  hori-  
zontal  eddy d i f fus iv i ty .  Preliminary calcula t ions  showed t h a t  t h e  hor izonta l  

4 2 d i f f u ~ i v i t y  was approximately 1.8 x 10 crn /sec f o r  t he  eas tern  plume and 
4 2 

approximately 2 .4  x 10 cm /sec  f o r  t h e  western plume. These r e s u l t s  indicate  
t h a t  a rather s t ab l e  flow regime was advecting t h e  v i s i b l e  plumes shown i n  
f igure  14-4. 

Contra i ls  

The imagery presented i n  f i gu re  14-5, taken on December 2, 1973, a t  
approximately 15:00 G . m . t ,  shows t h e  Lake E r i e ,  Michigan, area .  Several j e t  
con t ra i l s  a r e  c lea r ly  v i s i b l e  just north of Lake S t ,  C la i r  ( t he  small lake  
j u s t  north of Lake ~ r i e  ) . The longest  c o n t r a i l  i s  i n  t h e  v i c i n i t y  of F l i n t ,  
Michigan, and i s  estimated t o  be  80 t o  100 kilometers l ong .  The con t r a i l  north 
of Lake S t .  Clair i s  approximately $0 kilometers long. Both of these  con t r a i l s  
cast v i s i b l e  shadows on the ground. 

Ship Trail 

Information t o  accurately l o ca t e  and i den t i f y  t he  imagery shorn in 
f igure  14-6 i s  l imited;  however, during debr ief ing of t h e  crewmen, the  plume 
was i d en t i f i ed  as  a ship t r a i l ,  a plume of condensed water vapor or ig inat ing 
from the  exhaust of an ocean-going vessel ,  i n  t he  North Pac i f i c  Ocean. These 
anomalous cloud l i ne s  were f i r s t  reported i n  references 14-6 and 14-7 and Eore 



Figure 14-4.- Two long smoke plumes originating from sources on the 
centra l  Louisiana c o ~ s t  on December 7 ,  1973 (sL~-136-3475 ) . 



Figure 14-5.- Se t  c o n t r a i l s  in the v ic in i ty  of Lake Erie on December 2, 
1973 (SL~-136-3405 4 



Figure 14-6. - Ship trail ( SL~-140-4126 ) . 



recently in reference 14-8, According t o  reference 14-7, t h e  c r i t i c a l  atmos- 
pheric conditions permitting t he  formation of ship  t r a i l s  are (1) the  existence 
of a convectively urstable layer from the surface t o  a low-level s t ab l e  l aye r ,  
( 2 )  saturation o r  slight supersaturation near t h e  top of t h e  convective l aye r ,  
and (3)  a deficiency of cloud n u c l e l  i n  t h e  convective l aye r ,  

Dust storm 

A photograph of a dast  cloud over t h e  Arabian Sea, taken 03 January 20, 
1974, e t  approximately 12 : 00 G.m. t , , i s  shown i n  f i gu re  14-7. The most con- 
spicuous fea ture  i n  the photograph is t h e  djskinct  frontal-type l i n e  of t h e  
dust cloud curving ~outhward i n  t he  western par t  of the photograph. The dust 
cloud appears t o  l i e  approximately between ChEh Bah& t o  the west and eastward 
beyond Ormzra. 

Preliminary estimates of the  dust l i n e  shown i n  f igure  14-7 indicate  an 
approximate length of 500 kilometers that extends Beyond the image boundaries. 
The area covered by the  dust cloud, aver the water only ,  i s  estimated t o  be 

approximately 1.3 x lo5 square kilometers. 

Snow Flame 

The pholograph presented i n  figure 14-8 contains a very in te res t ing  
s t reak o r  plume of snow through the mLddle of t h e  photogragh. Tne approximate 
location of t h e  photograph has p m i > t e d  1;entative iden t i f i ca t ion  of the l a rge  
r i v e r  on t h e  western s ide  as  that par t  of t he  Missouri River exteading between 
Omaha, Nebraska (upper l e f t  corner of photograph) tin& t h e  area of Kansas City, 
Missouri (lower l e f t  corner of photograpb). The snow plume extends east-  
nor theaster ly  from north of t he  Tut t le  Creek Reservoir, Kansas, t o  near 
Ottwnwa, Iowa, a distance of approximately 300 kilometers; t h i s  locat ion i s  
based on approximate gridding. In reference 14-9, snow plumes have been 
recently repo~ted  i n  t he  v i c in i t y  of t he  Great Lakes and may have resulted 
from enhancement of g. : !p i ta t ion by thermal pol lu t ion  and f r i c t i o n a l  conver- 
gence i n  t h e  v ic in i ty  0; Lakes Erie and Ontari-  . These two explanations appear 
inadequate t o  acrnunt fo r  the plume shnwn i n  f i g r e  14-8. 

CONCLUDING RENARKS 

A discussion of t h e  r c r u l t s  of a preliminary analysis  cf photographs 
depicting atrnor-gheric p o l l l ~ t i o n  episodes, taken by the Skylab 4 crewmen for 
t h e  Earth observations progrm., has been presented. The success of atmospheric 
pollution imagery c o l l c  , e d  during the  Eerth observa;jons program can be traced 
di rec t ly  t o  the specia l  t r a in ing  of the  crewmen i n  tie basic  data  needs of 
various s c i e n t i f i c  d i sc ip l ines .  Direct communication ~ r i t h  the crewmen a f t e r  
t he  mission was  part icir larly user'ul. The personal accounts given by the  crew- 
men of t h e  Visual Observations Project  were especia l ly  instrumental i n  



Figare llr-7.- Dust cloud over the Arabian Sea on January 20, 1974 
(5214-141-4280) . 
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Figure 14-~.- Snow plume near St. Joseph, Missomi, on Jenucdy 23, 1974 
(s~4-142-4467 ) . 
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d~cermining t h e  geographic loca t ion  of t he  imagery, in obtaining a firsthand 
assessment of the  possible dynamic and kinematic processes involved in smoke- 
plume formation, and i n  developing an observations prograrn f o r  future missions. 
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15, SNOW-MAPPING EXPERIMENT 

James C. Barnes at 

Snow has an enormous e f f e c t  on t h e  large-scale geophysical en~ronrnen-t; of 
the Earth. Seasonal chmges i n  snow cover produce va r ia t ions  i n  t h e  albedo of 
the  lan6 areas of t h e  E a r t h  t h a t  are unmatched by any other phenomena. The 
albedo var ia t ions  have a s i g n i f i c a n t  influence on t h e  r a ~ 5 a t i o n  balance at the  
surface,  which, i n  t u r n ,  influences both short-term and long-term weather con- 
ditions. Moreover, i n  regions such as the western U n i t e d S t a t e s ,  snow has a 
direct economic impact. In  marj pa r t s  of t h e  West, much of  the  water used 
comes from accumulated mountain sr. wpacks. The snowmelt runoff is  used f o r  
i r r i g a t i o n ,  i n d u s t r i d  production, power generat ian,  publ ic  consumption, and 
recreatiofi.  Too much runofr  may have strong adverse e f f e c t s ,  such as destruc- 
t i v e  flooPLng . 

Despite the  economic anal s c i e n t i f i c  implicat ions of snow cover, existing 
data  c o ~ l e c t i o n  methods o n e n  cmnot provide e i t h e r  the desired a r e a l  coverage 
or  the  des i red  o b s e r v a t i o ~ a l  frequency. 'The c a p a b i l i t i e s  of remote sensing 
from Earth-orbiting satellites offer promisc fo r  the  development ~f a more cost- 
effective means far monitoring snow cover. ' h e  r e s u l t s  of s t u d i e s  i n  which 
E a r t h  Resources Technology Sat?: ;.ite (ERTS) end Skylab Earth resources axper- 
iment package (EW) d a t a  we?< w n 9 d  ha\- been encouraging. The exkent oS zntt 
reountain snowpacks car, be rne;12:.! from ERTS da ta  i n  more d e t a i l  than i s  depicted 
i n  wrial survey snow char ts  ; s,milnrly, ~xamina t ion  of the  i n i t i a l  EREP 53th 
from the Skylab 2 mission indica tes  tha t  it m2iy  be poss ib le  t o  obtain add i t iona l  
information on snow ex ten t  from t h e  measurements made i n  t h e  near-infrared,  
thermal-infrared, and microwave port ions of thl3 spectrum. 

Althou& the r e s u l t s  of t h e  studies i n  which ERTS and EREP data were used 
have been encouraging, ce r t a in  problems in mapping snow from space do exist. 
The particular problems include distinguishing between snow and cloud, which 
may have nearly i d e n t i c a l  ref lec tances  ; detect-ins snow i n  heavi ly  fo res ted  
areas  ; detect ing snow i n  areas within mountain shadows ; mapping irregular snow- 
l i n e s  i n  areas where uneven melting has occurred; and measuring snow lepths. 
These problems are par t icuLer ly  c r i t i c a l  when d a t a  are mechanically processed 
and objec t ive  ana lys i s  -t;echniques are required. The d i r e c t  p a r t i c i p a t i o n  of 
the  Skylab 4 crewmen i n  t h e  snow-mapping experiment as part of the  overall 
Visua l  Observations Projec t  has provided information t h a t  w i l l  be valusble 
for developing improved methods f o r  mapping snow cover. 

%nvironmental Reseerch md Tcchnoloa ,  Inc. , Lexington, Massachusetts. 

' ~ r 5 n c i ~ a l .  Inves t igator .  



DATA S W l X  

As part of t h e  Skylab 4 Visual Observations Projec.t;, mere than 200 nru?'l- 
Ileld camera photographs of snow cover were taken by t h e  crewmen. The data  sw* 
pie comprises appraximately 150 70-millimeter Hasselblad photographs and at 
leasa5 25 t o  30 35-millimeter Nikon photographs over t h e  United S t a t e s  and Can- 
ada. The s i z e  of the  35-millimeter data  sample is only an e s t i n a t e  based on 
the mission photography log,  because those photographs have not  ye t  been made 
available t o  t h e  inves t igators .  The remaining photographs show snow i n  o ther  
parts of the  world, primari ly i n  Europe ( t h e  Alps) and i n  A s i a  (the Himalayas). 
Because o f  lighting conditions, almost a l l  the d a t a  sample over t h e  United 
Sta tes  was taken during January. 

The 70-mllimeter photographs, a l l  of which have been reviewed, cover 
most par ts  of t h e  United Sta tes  where anow ex i s ted  during t h e  mission. Some of 
the  specific areas  covered are the S i e r r a  Nevada Mountains of California, t h e  
Salt-Verde watershed in central Arizona, the Rocky Mountains i n  Colorado, the  
Great Salt Lake and Yellowstone Park areas i n  U t a h  and Wyoming, t h e  Black Hills 
a rea  in South Dakota, and t h e  Great Lakes area. Thus, the  sample of handheld 
camera photographs includes snow cover i n  bath mountainous relatj.vely f l a t  
terrain; i n  f a c t ,  during January, snm cover was observed by t ' y P  crewmen i n  the  
cen t ra l  plains as f a r  south as Oklahoma. The crewmembers wen e to obtain 
repet i t ive  observations of s e v e r a l  key areas. 

Both -fertical-looking and oblique 70-millimeter photograph* were taken by 
the crewmen, According t o  the log ,  severa l  35-millimeter vert ical- looking 
photographs were t aken  with t h e  300-millimeter lens .  It i s  anxirlpated t h a t  
some photographs i n  both the 70- and 35-millimeter samples w i l l  be useful as 
stereopdrs, The overa l l  q u d i t y  of the 70-millimeter photagrajhs appears t o  
be excellent. Even over broad snowfields, where t h e  albedo i s  very high,  
nearly a l l  t h e  photographs a r e  exposed correct ly .  Almost a l l  the  pho-bographs 
are sufficiently cloud f ree  t o  enable snow t o  be p o s i t i v e l y  i d e n t i f i e d .  The 
existence of the cloud-free photographs i s  f i r m  evidence t h a t  t h e  crewmen were 
indeed able t o  dis t inquish  v i sua l ly ,  in most circumslmces,  between snow and 
clouds. 

E3SULTS OF INITIAL EXAMINATION OF 70-MILLIMETER PHOTOGRAPHS 

I d e n t i f i c a t i o n  of Snou Cover 

The excellent qua l i ty  of t h e  70-millimet es photographs i s  illustrated i n  
f f  fi'lre 15-1, which i s  centered i n  the  Yellowstone Park area of northwest  YO- 
=:::g. Wi :h the exception of a s m a l l  area i n  the upper part of the  photograph, 
'p~c field of  view i s  e s s e n t i a l u  cloud f ree ;  t h e  clouds can be readily d i s t i n -  
~i'Ashed from the  snow-covered te r ra in  prima:-i3y because of their f'uz z i e r  
q~;"%rYnce and the  shadow they c a s t  on t h e  underlying surface. 



Figure 15-1.- The Yellowstone Park a r e a  in northwestern Wyoming 

(sL~-138-3846). 
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The various mountain ranges , including the Grand Tetons , Wind River 
Range, Absaroka Range, and Big Horn Mountains, arc d i s t i n c t  although the  lower 
elevation t e r r a i n  i s  also snow covered, In  photggraphs taken by t he  Skylab 2 
and 3 crewmen i n  the  l a t e  spr ing and smer ,  the mountain ranges such as these 
are snow covered, whereas the  surrounding land  i s  snow f r e e ,  I n  the  midwinter 
observation ( f ig .  15-11, t h e  corribinr?;tion of snow and 1 3 ~  Sun angle enhances 
the geological s t ruc tu re  o f  the mountains and aids i n  i den t i f i c a t i on  of top- 
ographic features such as t h e  indj.vidual mountain chains. 

The darker area i n  t h e  upper cenker port ion of t h e  pho tog r~ rb  i s  fo res t  
cover. This pat tern  corresponds closely with the  pa t t e rn  of t ne  heavily 
fores ted a rea  indicated on l a d  usage char t s ,  Yel,lowstone National Park l i e s  
wholly within t h i s  area; YelLowstone Lake, frozen and snow covered, can 
easily be seen. Within Yellowstone Park, t he  geothermal a c t i v i t y  may have 
caused some snow-free t e r r a i n ;  however, it i s  dif f i cu l% t o  dis t inguish  tile geo- 
thermal areas from the  areas t ha t  are snow covered but heavily forested.  

Dynamic Change i n  Snow Cover 

Photographs o f  the Great $%It Lake area  are shown i n  f igures 15-2 and 
15-3. The photograph i n  i L p ~ e  15-2 w a s  taken on January 8, 1974, and the  one 
in figure 15-3 was -taken on January 16, 1974. A dynamic change i n  t he  snow 
cover i s  evident over the  8-day in te rva l .  

The clouds t o  the  north of Great Salt Lake are  r e ad i l y  distinguishable i n  
figure 15-2. The pos s ib i l i t y  o f  snow i n  an area  west of Great Sa l t  L&e w a s  
eliminated because of the  low ref lec tance and brown tone.  Cultural  pa t t e rns ,  
such as in te r sec t ing  dark roads against  t he  snow, i n  S a l t  Lake  City and t he  
other c i t i e s  a re  e a s i l y  detected. 

I n  f i gu re  15-3, t h e  snow-free area west of the  laki: has g rea t l y  extended. 
S a l t  Lake City and the  o ther  c i t i e s  a l so  appear much d . ~ r k e r  i n  tone, which 
indicates  snowmelt. Snow-cover charts  show a reported depth a t  S a l t  Lake City 
of 25 centimeters on January 8; on January 16, t he  reported depth i s  only 
8 centimeters. 

The snowmelt pa t te rns  were observed v i sua l ly  by t he  crewmenibers . In t he  
photography l og  fo r  January 8, they reported,  "Comparison f o r  snowmelt from 
previous day's pictures ; snow i s  s t a r t i n g  t o  melt. 'I Thus, the  snowmelt, 
which had apparently begun even e a r l i e r  than t h e  January 8 observation, could 
be monitored as it progressed. 

Dbs ervat  ions of Unusual Snow-Cover Pat terns  

An east-looking oblique photogra~h of the Missouri River Basin i s  shown 
in figure 15-4, The d i s t i n c t  kidney-shaped pat tern  i s  the  lowel. port ion of 
the  photograph i s  the  heavi ly  fores ted Black H i l l s  area. Just beyond the 
Black Hills, i n  c en t r a l  Scuth Dakota, is another area of low ref lec tance;  t he  
Missouri River, pa r t l y  i c e  covered, crosses the  darker area. A sharp cloud 



Figure 15-2.- Great Salt Lake, Utah, on January 8, 1974 (8~4-139-3992). 



Figure 15-3. - Great Salt Lake, Utah, on January 16, 1974 (3~4-140-4167) . 
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Figure 15-4.- Missouri River Basin and the Black H i l l s ,  South Dakota 
(sL4-139-3994). 



edge with an accompanying shadold extends in a  general east-west d i ~ ~ e c t i o n  
Just  south of  the  dark area; because of the well-defined edge, .t;h;.s cloud i s  
probably associated with $he j e t  stream. 

The c e n t r a l  part; of South Dakota i s  not  forested, so the  dark pat tern  
must be associated wi th  an area  of little o r  no snow cover. Snow charts on 
January 8, 1974, the  date of the observation, show substantial snow amounts 
throughout the Northern Plains (as much as 20 centimeters  i n  eastern South 
Dakota, 23 centimeters i n  North Dakota, and 40 centimeters in ~ebraska)  . In 
contras t ,  only two s ta t ions  in t h e  central and western p a r t  of South Dakota 
reported any snow cover, and these s t a t i ons  reported depths of only a t r a ce  
and 2.5 centimeters, respectively.  

No snow was reported in t he t  part; o f  South Dakota for  s e v e r a l  days before 
the date of the Skylab observation. Therefore, t h a t  area o r i g i n a l l y  mey not  
have had as much snow as t he  surroundin& areas. The crewmen reported t h a t  the 
snow-free area  continued to expand as the  snowmelt continued, Other ra ther  
unusual snow-cover pat terns  were a l so  observed by the crewrneir; some of t h e s e  
patterns appear t o  be assoc i~ ted  with narrow snowfall bands, such as might 
occur i n  a snow squa l l  s i t ua t i on ,  rather than with snowmelt. 

PLANNED ANALYSES 

Both the  70- and 35-millimeter photographs w i l l  be analyzed i n  d e t a i l ,  
wi th  p~tr t icular  a t tent ion being given -t;o t h e  geographic areas for which re- 
peated coverage was obtained. The southern S i e r r a  Nevada Mountains i n  Cali- 
fo rn ia  md the  Salt-Verde watershed i n  c en t r a l  Arizona are two areas i n  which 
snow hydrolopy i s  of great  importance. These areas  were designated as prime 
-1;est s i tes  in t h e  experiment. The handheld camera photogr~ghs from the  earli- 
er Skylab miss5 ons will also be analyzed in conjunction with the Skyla?, 4 
photographs; although the data  samples from the  Skylsb 2 and 3 missions are 
considerably smal ler ,  it w i l l  be possible t o  compare t h e  1n.ta spring and sum- 
Iller snow pakterns wiC' l  the winter patterns for some of the high mountain 
are as . 

I n  the analys is  procedure, the snow extent will be mapped from the photo- 
graphs and will be c o r r e l a t e d  w i th  snow-cover data. in addition, t h e  hmdheld 
camera photographs w i l l  be compared with the  EREP data and possibly with other 
s a t e l l i t e  data, such as from ERTS. The dynamic changes i n  snow cover  w i l l  be 
careful ly  mapped, and the  difficulties r e l a t ed  t o  identif 'ying snow i n  heavily 
forested areas ~ n d  i n  shadow areas w i l l  be investigated, These problems are  
illustrated in the photographs given as examples. 



PFBLIMLNARY CONCLUSLOlJS AND FECOMMETTDATIOIIS 

The i n i t i a f .  examination of the  70-millimeter photographs col lec ted i n  the  
Skylab 4 Visual Observations Project  has indicated a subs tnn t i a l  amount of 
useful snow-mapping information. The sample of t he  70-millimeter photographs 
alone is  extensive and provides coverage of most of the snow-covered areas 
o f  t he  United Sta tes ;  it is anticipated t h a t  with t h e  a d d i t i o n  of t he  
35-millimeter data sample, numerous r epe t i t i ve  photographs of ce r ta in  test 
sites w i l l  be available. Yhe Skylab 4 crewmen co l lec ted  data over t he  United 
States during a fortunate period f o r  snow-mapping studies because of a general 
snowmelt t r end  in the  c e n t r a l  and western park of t he  country following t he  
widespread snowfalls i n  l a t e  December and very early January. Thus, it was 
possible f o r  t he  crewmen to observe dycarnic changes i n  snow cover as  t he  month 
of  January progressed. 

The visual observations of the crewmen as y e l l  as t h e  handheld camera 
photographs w i l l  provide valuable information for developing improved tech- 
niques t o  map snow from orbital .  EiLtitudes. A p r e l i d n a r y  assessment of the  
accomplishments of the  crewmen follows. 

1. Changing snsw-cover pat terns  were recognized, and repeated photographs 
of  spec i f i c  areas i n  which snowmelt was  occurring were obtained? 

2. Visual observat5~ons were made of t he  progression of the  snowmelt and, 
i n  pa r t i cu l a r ,  of the re la t ionsh ips  between snowmelt and c u l t u r a l  features. 
It appears, f o r  example, that t h e  influence of c i t i e s  on the albedo OF snow 

'and on t h e  r a t e  of onowmelt may be even greater than  had been expected. 

3. A data s m p l e  was o b t a i n e d t b t  comprised various modes of photog- 
raphy including v e r t i c a l  viewing, oblique viewing, narrow angle ( 300 milli- 
meter) l en s ,  Sun angle va r i a t i ons ,  and s tereopairs .  This data  sample w i l l  
enable t h e  problems inherent  i n  mapping snob- from o r b i t a l  altitudes t o  be in-  
vestigat-fi more thoroughly than has heretofore been p o s s y ~ l e .  For example, 
the c remen  reported t h a t  the influence of f o r e s t  cover on identifying snow 
appeared t o  h e  consid2rably more severe when viewing an area, obliquely;  they 
also reported t h a t  2 . 2 ~  Sun ang.les f a c i l i t a t e  the  task of dist inguishing snow 
from clouds but  ctluse a more severe mountain shadow problem. 

4. Visual observ;;tions t h a t  w i l l  be useful i n  t he  analysis  of t h e  photo- 
graphic data were made. The observations provj ded by the  crewmen include t h e  
re la t ionsh ips  i n  color tone between snow and snow-free t e r r a i n ,  which a t  times 
were d i f f e r en t  from those  depicted i n  t h e  photographs, and an assessment of 
t h e  types of clouds t h a t  are the most d i f f i c u l t  t o  d i s t ingu ish  from t h e  under- 
lying snow. 

Althowh t h e  planned Apollo-Soyuz Test Project  {ASTP) mission w i l l  occur 
i n  midsummer, it w i l l  be worthwi~ile t o  cbta in  photographs of t h e  snow cover 
remaining i n  t he  high mou~tain areas  of t h e  United S ta tes .  The phofographs 
taken by the ASTP crewmen can then be compared w i t h  those talken on the Skylab 
missions during the  swmner and the winter .  



A comparison between twc different summer seasons will indicate whether 
year-to-year variations e x i s t  in the midsummer snowpack. For example, the 
Skylab 2 and 3 pho-tographs of t h e  mountains in t h e  Pacific Northwest were 
taken fo l lowing  a w i n t e r  of except io i~al ly  low snowfcl l  amounts; it will be 
interesting, therefore, t o  compare those photographs with photographs of t h e  
same area taken during the ASTP mission, presumably following a winter  of more 
normal, or perhaps above normal, snowfs l l  amounts, Because an objective of the 
experiment t r i l l  be t o  compare in detail t h e  extent of the s m e r  snowpacks, it 
is recommended t h a t  300-millimeter, vertica?.-looking phttographs be t d ~ e n .  



16. PRELIMINARY ASSESSbENT O F  HANDHELD PiIOTOGRAFHIC 

OBSERVATIONS OF TROPICAL STORMS FROM STACE 

Peter  G.   lack^ 

Handh ? ld  photographs of t r op i ca l  storms from ,the t h r ee  manned Skylab m i s -  
s ions have r e c e n t b j  bean reviewed. None of these photographs have been s tudied 
i n  d e t a i l  t o  date. Nevertheless, se,feral i n t e r e s t i ng  features  have emerged 
and will be b r i e f l y  described i n  t h i s  preliminary r epc r t .  

This repor t  w i l l ,  of necessi ty,  be l im i t ed  to suggestions and recommen- 
dations f o r  improving t h e  quant i ty  and qua l i t y  of  handheld cwera photographs 
on fu tu re  manned space f l i g h t s  as well a s  fo r  improving the l o g i s t i c s  involved 
i n  defining t h e  t a r g e t  area ,  which for t ropica , l  storms i s  in termit tent  and 
always mo-ctng. 

METEOROLOGICAL S I G N I F I C A N C E  OF HANDHELD 

C m R A  PHOTOGRAPHG OF TROPICAL S T O W  

The handheld camera photographs f r o m t h e  Skylab missions appear t o  confirm 
sevelbai. t e n t a t i v e  obsarvati-ns made recent ly  from s a t e l l i t e s  and aircraf ' t .  
These observations are i l l u s t r a t e d  i n  f igures  16-1 t o  16-4. A pho.tograph of 
t h e  formative stages of t r o p i c a l  stolsm Ellen i n  t h e  North Atlantic, taken on 
September 19, 1973, i s  shown i n  f igure  16-1. Thi s  photograph i l l u s t r a t e s  t he  
Tresence of vigorous updrarts by the  overshooting cloud tops  over a large area  
*..:. well  as a s e r i e s  o f  concentric wave clou,ls centered cn t he  largest over- 
-.:r.ooting top.  A t  t h i s  time, t,he location of t h e  center  of c i rcu la t ion  i s  
ii.ncertain, but t he  presence of these  ove~shoot ing  tops appears t o  precede and 
khe!.. Rccompsny storm development. Ottrer photographs appear t o  confirm the 

Ir wifiespread existence o f  overshooting c h u d  tgps r n  young storms. However, a s  
the s+.orm matui-es, t h e  overshooting tops  aFyear t o  become l e s s  d i s t i n c t .  This 
condition seems t o  be substanxiaked by a i r c r a f t  observations i n  which much 
more in tense  updrafts  have been encountered i n  develoying storms than i n  
r ~ t u r e  storms. 

The Skylab photographs also show t h a t  t h e  amount o f  overshoot agpears 
to decsesse as t he  storm in t ens i f i e s .  Perhaps t h e  avai lable  energy goes more 

%ational Oceanic and A tmspher ic  Administration, Nat ionaL Hurricane 
Research Laboratory, M i a m i ,  Florida.  



Figure  16-1,- Tropical stom a l e n  forming in the  North Atlantic on 
September 19, 1913, at 20:18 Greenwich mean t i m ~  ( ~ . m . t .  ) . M a x i a u  
winds at this time yere approximately 18 m f  sec (sL~-122-2572). 
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Figure 16-2. - Hurricane a l e n  from d i rec t ly  above, approximately 1200 kilo- 
meters east of Bermuda on September 21, 1973, at 18:50 G.m.t. Maxbum 
wigds st t h i s  t i m e  were approximately 61 mfsec. Sun i l luminat ion 
emanates from t h e  upper l e f t  (5~3-122-2602). 
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Figure 16-3.- Oblique v i e w  of hurricane Ellen on September 23, 1973 
(sL~-118-2189 ) 



Figure 16-4.- Hurricane Lottie over Nandi, F i j i ,  on December 8, 1973, at 
23:40 G.m.t. M a x h u m  winds at this t i m e  were approximatel- 36 m/sec 
(~~4-136-351h) . 



i n t o  horizontal  motions as t h e  storm vortex develops than i n to  vigorous 
vertical motions. 

The significance of t h e  wave clouds noted previously in  f igure  16-1 i s  
unknown a t  t h i s  time. However, t h e  fac t  t h a t  they ex i s t  means t h a t  they must 
play a s ign i f ican t  r o l e  i n  t h e  energy balance o f  a developing s torn .  In ter-  
n d  waves such a s  fJhese a re  usually ignored and would probably ac t  as an 
energy sink i n  the  outflow layer .  

The most s ignif icant  fea tu re  of t r o p i c e l  storms revealed by Skylab photo- 
graphs i s  t h e  apparent existence of an outward tilt of t he  w a l l  cloud with 
height. I n '  f igures  16-2 t o  16-4, t he  diameter of t h e  eye of a t r op i ca l  storm 
appears t o  be much la rger  at t h e  top of t h e  storm than at the  bottom. A 
photograph teken d i r ec t l y  above hurricane Ellen on September 21, 1973, i s  
shown in f igure  1.5-2. An oblique view of the storm taken 2 days l a t e r  i s  
shown i n  f igure  16-3; t h i s  view more graphically i l l u s t r a t e s  t h e  sloping eye- 
wall. A photograph of t r o p i c a l  storm Lot t i e  i n  t he  South Pac i f i c  on 
December 8, 1.97'3, i s  shown i n  f igure  16-4. 

Radar observations of t h e  v e r t i c a l  cloud s t ruc tu r e  from an a i r c r a f t  fly- 
ing  i n  hurricane Ellen a t  t h e  time fS.gure 16-2 was taken show t h a t  t h e  eyewall 
was t i l t e d  outward a t  approximately 4 5 O  a'bove an a l t i t u d e  of approximately 
4600 meters, This type of observation has been noted before but has nearly 
always been attributed t o  radar  peculia: ' t i e s .  Figures 16-2 t o  16-4 may verify 
tha+ the past radar observations were correct. 

, The existence of an eyewall t h a t  t i l ts  outward with height i s  s ignif icant  
because t h i s  means t ha t  t he  up?xaft i n  the w a l l  could tilt outward %th 
height. Th i s  t i l t i n g ,  i n  turn, mesns t h a t  p rec ip i ta t ion ,  which fol  A i n  the  
updraft in t h e  m i . l 6 l c  l e v e l  of t h e  cloud, w i l l  f a l l  next t o  the  updraf%, not  
throw!; it. Hence, t he  associated dom-draft w i l l  no t  k i l l  the updraft  but 
ins tead may establish a v e r t i c a l  c i rcu la t ion  t h a t  would help susta in  the 
l i f e  cycle of t h e  updraft f o r  a mxh longer period o f  time than i f  t h e  up- 
draft were ve r t i c a l .  

One f a c t  t ha t  supports t h i s  concept i s  t h e t  t h e  l i f e  cycle of  act ive  
convective p rec ip i ta t ion  echoes observed by radar increased dramatically i n  
hurricane eyewall regions a s  opposed t o  outer rainband regions. Echoes i n  
t h e  l a t t e r  regions have l i fe t imes  of approximately 10 minutes, whereas those 
i n  the  former region are approximately 45 minutes. 

An addi t ional  s i g n i f i c a n t  feature  of the  t i l t i n g  eyewall &nd associated 
updraft i s  t h a t  t he  v e r t i c a l  mass flow would have a component ir t he  r ad i a l  
direction t h a t  would a f f zc t  che overa l l  sass flow budget of t h e  storm. 
Therefore, variations i n  v e r t i c a l  ve loc i ty  would r e s u l t  i n  var ia t ions  i n  the 
radial component of hor izontal  velocity.  If the  existence of t he  t i l t i n g  
eyewall can be substantiated,  it would grea t ly  improve t he  present. knowledge 
of  the  ro le  that :onvective elements play f'n t he  dynamics of the k,.??-~~ricme 
eyewall. 

Many more observations of hurricane eyewall slopes from spa.ce would 
therefore be desirable -to confirm whether o r  n o t  t h i s  i s  I .  general fea tu re  



of d l  hurricanes and typhoons, whekher o r  not t h e  slope var ies  with t h e  quad- 
rant  of t h e  storm, and whether o r  not t h e  magnitude of slopu i s  r e l a t ed  t o  
the  l i f e  cycle of the  storm. 

SUGGESTIONS FOR IMPROVING TROPICAL STORM 

PHOTOGRAPHIC QUALITY AND DOCUMENTATION 

One of t he  major problem5 i n  photographing clouds i s  t h e  l a ck  of contras t .  
There a r e  several  photographic techniques t h a t  can be used t o  enhance t he  
l i t t l e  contras t  t h a t  exists. The simplest and ea s i e s t  method is  t o  underex- 
pose t h e  photograph. I n  t he  case of br ight  t r o p i c a l  storm tops,  t h i s  under- 
exposure must be &t l e a s t  two f-stops l e s s  than t h e  normal cloud exposure 
se t t ings .  

The exposure depends on S m  angle; however, judging f r o m t h e  f/8-at-1/250 
an6 f/ll-at-1/250 exposures used f o r  most t r op i ca l  storm photographs, b e t t e r  
s e t t i ngs  might be f / l L  at 1/500 o r  f/16 at  1/500 with t he  color-exterior  film. 
The l / 5 O O  shu t te r  speed i s  suggested because the re  appears t o  be some l o s s  i n  
cloud def in i t ion  due t o  spacecraft  motion. 

A f i l m  with grea te r  exposure l a t i t u d e  is highly recommended because t h i s  
type f i l m  would not wash out i f  t he  observation s i t e  were overexposed by two 
f-stops. I n  t he  case of cloud photography, such a fi lm might be a black-and- 
white negative o r  color negative f i lm.  If t h i s  type of f i lm were used, a 

' s l l g h t  overexposure would be b e t t e r  than a s l i g h t  underexposure because t he  
clouds would be black ins tead  of white. 

Black-and-white negative f i lm would be t h e  be s t  fo r  clouds because a 
f u r t he r  increase i n  con t ras t  can be obtained by itse of a red  f i l t e r  on the 
camera. Haze and polar iz ing f i l t e r s  probably should a l so  be used t o  increase 
contras t  fur ther .  

The use of infrared f i lm i s  not recommended because of i L s  narrow .xpo- 
sure l a t i t l d e .  If clouds a re  overexposed by one-half of an f-stop when 
photographed with in f ra red  film, they w i l l  be washed auk. 

ir was One of t h e  biggest  problems i n  working w i t h  t h e  handheld photographr 
determining the  date, t i m e ,  and loca t ion  af exposure. This d i f f i c u l t y  would 
be el iminated if one of t h e  newer cameras were used t h a t  is equipped with a 
clock and prism arrmgement so t h a t  t h e  correct  day and t h e  appears i n  a 
corner o f  the photograph i n  a format s imi lar  t o  t h e  Earth t e r r e i n  camera ex- 
periment (S1903) frames. The l o s s  of  a s m s l l  corner of the  frame would be 
more than o f f s e t  by the advantage of knowing t he  p rec i se  time. (!?he photo- 
graph time l o ~ g e d  by t h e  Skylab crewmen was o f f  by several. minutes i n  some 
cases, which caused considerable uncertainty i n  pho tog r s~h  locet ion.  However, 
having an approximate time logged fo r  ef.ch photogrctph was a quantum improve- 
ment over havinyi n.? l o g . )  The photograph times could then be tabula ted and 
precise  subpoin",,rack locat ions  could be computed fo r  all t h e  handheld 



rllotographs. The clock should be accurate t o  t h e  neares t  second; time checks 
; . t ; ? d  d be made per iodical ly .  

A selection of caneras should be avai lable  so t h a t  one o r  two wide-angle 
Fhotographs of the  s i t e  could be t e e n .  Perhaps o r e  wide-angle exposure could 
be taken both approaching and receding from t h e  s i t e .  A series of standard 
or telephotographic shots  csuIld then be raken. In t h i s  ..-:::y, the  narrow f i e l d  
of view could be placed i n  perspective with respect  t o  the wider f i e l d  of view. 
In the case of tropical- storms, t h e  wide-angle photograghs could he placed i n  
perspective with respect t o  the large-scale,  l imited-resolution view avai lable  
from meteorological. s a t e l l i t e s .  

The que l i ty  of 70-millimeter photographs seems superior t o  tha t  of 
35-millimeter photographs. Therefore, it would be advisable t ha t  th ree  
70-millimeter single-lens r e f l e x  cameras, each equipped with clock d e t a  
chambers, 'be carr ied  on t h e  next manned mission. One camera sho'dd have a 
vide-angle lens,  another a standard l ens  ( e .  g.  , a 90-millimeter l e n s ) ,  and 
another a te1.ephotographic l e n s  ( e  .g. , a 200-millimeter l ens  ) . 

The usefulness of  s tereopair  photographs exceeds t h a t  of a s ing le  photo- 
graph because quan t i t a t ive  calcula t ions  of  cloud height  can be made from them. 
Because overshooting tops a r e  of such spec ia l  s ignif icance i n  t r o p i c a l  storms, 
it i s  recommended t h a t  s t e reopa i r  photographs be taken at  every opportunity 
so t h a t  a relaCYiorship between storm i n t e n s i t y  and t h e  height of overshooting 
cloud tops  might be es tabl ished.  

SUGGESTIONS FOR IMPROVING DATA ACQUISITION AND ANALYSIS 

The two areas i n  vhich the  need for improved da ta  acquis i t ion and analy- 
sis were i d en t i f i ed  as a r e s u l t  of t h e  Skylab 4 V i s u u  Observations Project  
are  ( I )  ~ chedu l i ng  af crew a c t i v i t i e s  t o  ensure optimum photographic coverage 
of t rop ica l  storms, and ( 2 )  e l im ina t iw  delays i n  obtaining the  photographic 
data f o r  a n d y s i s  and in tegrat ion with tlie crew t r ansc r i p t s .  

Crew scheduling must have the flexibility t o  incorporate the t r o p i c a l  
storm iden t i f i ca t ion  information obtained from t h e  Netional Environmental 
Sa t e l l i t e  Service (NESS) through t he  Space F l i g h t  Meteorology Group a t  t h e  
:[Ash Lyndon 3. Johnson Space Center  i n t o  t he  daily flight plan of %he crewi~en. 
The IESS loca tes  and i d e n t i f i e s  t r o p i c a l  storms throughou-t; the world twice a 
day within 3 hours of receiving s a t e l l i t e  images. Continuation of t h e  d i r ec t  
c ~ ~ m i c a t i o n  link with NESS during t h e  next manned f l i g h t  i s  required t o  in- 
: rc:n;e the  data-gathering oppor tuni t ies .  

problems i n  planning t h e  study of t rop ic& storms from space 
in-iolved long  ~ i t e - ~ l m n i n g  time mid i n f l ex ib l e  crew schedules. Because the 
T ~ a t e s t  p o t e n t i d  payoff from handheld photographs i s  t h e  large  amount of 
;:ientific data return rea l i zed  by only a v e r y  s m a l l  amouit of e f fo r t ,  it 
nh=uld  be possible t o  schedule handheld photography w i t h  l e s s  than 12 hours 

to t h e  plann:':q personnel on the ground. Likek-ise, it should be 



~ o s s i b l e  t o  allow s u f f i c i e n t  time i n  the  f l i g h t  plm t o  acquire t h e  necessary 
s t e reopa i r  photographs. For t h e  next manned space f l i g h t ,  a f l e x i b l e  system 
& o d d  be s e t  up For studying va r i ab le  an2 moving observation s i t e s  such a s  
t r o p i c a l  storms. 

The delay in a v a i l a b i l i t y  of photographic da ta  on t h e  ground slows d a t a  
analys is  and incorporat ion of t h e  r e s u l t s  i n  ongoing t r o p i c a l  storm research.  
I n  the  case of t r o p i c a l  storms, s c i e n t '  its should be a b l e  t o  review t h e  f i l m ,  
reproduce it f o r  use l o c a l l y ,  and requ :t high-quality second-generation copies 
of s p e c i f i c  frames t o  preserve maximum con t ras t .  The c q a b i l i t y  f o r  accom- 
plishing these requirements should be ava i l ab le  before  public  r e l e a s e  da tes ,  
if necessary. Regulations regarding t h e  data should n o t  be  se l f -defea t ing  but, 
i n s t ead ,  should be f l e x i b l e .  

CREN TRAINING 

The 1-hour l e c t u r e  given t o  t h e  Skylab 4 crewmembers p r e f l i g h t  w a s  a pro- 
gressive step toward acquaint ing them with t h e  features o f  .t;ropical storms 
f o be observed. However, one l e c t u r e  proved inadequate fcr  transforming them 
i n t o  t r a i n e d  observers. Therefore, it i s  recommended that a workshop on trop- 
ical storms be made p a r t  of t h e  t r a i n i n g  schedule f o r  t h e  ,lext marlned f l i g h t .  
No two t r op ica l  storms look a l i k e ;  however, a crewman can he t r a i n e d  t o  l o t i c e  
common fea tu res .  The workshop would span approximately 2-1/2 working days. 
Old t r o p i c a l  storm photograplks obtained f r?n  manned and unmanned s a t e l l i t e s  
would be used t o  i d e n t i f y  s i g n i f i c a n t  f ea tu res ;  t o  determine storm i n t e n s i t y ;  
arid t o  es t imate  whether o r  not t he  storm i s  weakening, s trengthening,  or 
reniaining i n  a steady s t a t e .  

The NOAA t echn ica l  memorandum MESS-45, "A Technique f o r  the  .halysis and 
Forecast ing o f  Tropical  Cyclone I n t e n s i t i e s  From Sate3.l i te  P i r t w e  s , I' dated 
February 1973, i s  an excel lent  r epor t  t o  be used a s  a textbook o r  guide f o r  
t h e  workshop. During the  workshop, icieas f r o m  t h e  referenced memorandum and 
proven i n t e r p r e t a t i o n  techniques would be presented i n  A manner s p e c i f i c a l l y  
o r i en ted  toward taking handheld photographs from manned spacecraf t .  A t l b a i n e d  
t r o p i c a l  storm observer would be t h e  product of such a workshop. Of course, 
p2et i ight  p r a c t i c e  would be necessary. With t he  advent of the Space S h u t t l e  
Program, a meteorologist could be used 8s an observer, thus el imicat ing  the 
need f o r  a t r a i n i n g  workshop. 

USEFULNESS OF VOICE TRAYSCRIPTS 

The t r a n s c r i p t s  of voice communications with the crewmen served t o  r t l a t e  
the  date and time of photographs t o  the  frame numbers. The P r i n c i p a l  Inves t i -  
gators used t h e  transcripts t o  l e a r n  what f e a t u r e s  were being observed i n  
real time. This  was extremely useful  because adjustments could be made i n  t he  
eaphasis of the types of photographs being taken whila tke cremeE were still 
in space, For example, whsn it became evident  t h a t  . .  rcereopai r  pho5ographs 
of  t r o p i c a l  storms had been td ren ,  t h e  crewmen were i n s t r u c t e d  t o  empk~size 



t h i s  tyye of data. The resuJ.t was a succession of s tereopair  photographit of 
t r o p i c a l  storm Pam near t h e  end of the mission. 

The transcripts, however, must be sr~pported by photographs. 'The meteu:.- 
o log i s t  must always have documentation of the existence of a phenomenon i n  
the form of a photograph, a measurement, or  other tangible  data. Stereopair 
photographs are requested so that measurements can be made. A t r a ined  meteor- 
ologist viewing a photograph w i l l  inter-pre* it far d i f f e r en t l y  than w i l l  a 
nonmeteorologist. The trained person &so may in t e rp re t  the photograph &if- 
f e r e n t l y  after he integrates  t h e  photographic i n f o n a t i o n  with other sources 
of information. 

COMMEXTS ON METEOROLOGICAL OBSERVATIONS 

FROM W E D  SPACECFUGT 

The question will inevitably be asked, are manned observations of 
meteorological s i t e s ,  such as t r o p i c e l  storms, l i k e l y  t o  y i e ld  a greater  
s c i en t i f i c '  r e t u r n  than unmanned observations? O r ,  res ta ted,  what- can a man 
in Earth orbit t e l l  abou-i; tropical storms t ha t  would not be evirl~!~t t o  an 
Earth-controlled robot i n  o r b i t ?  To answer t h i s  question, the ad.rantages must 
b e  weighed against t h e  disadvantages; a preliminary evaluation follows. 

After July 1974, meteorologists w i l l  have available a geostationary 
s d t e l l i t e  viewing t h e  Earth with an approximate 800-meter resolut ion i n  t he  
visible and a 6-kilometer seso.?ution i n  t he  infrared.  A new system of high- 
densi ty  packing w i l l  aZlow t he se  data t o  be recorded on magnetic tape f o r  t h e  
e n t i r e  Earth disk as seen from an a l t i t ude  of 35 400 kilometers. A second 
such s a t e l l i t e  w i l l  be avai lable  in September 1974, and a third, a Japivlese 
s a t e l l i t e ,  i n  October 1976. Therefore, the North and South Pacific and 
At lan t ic  areas k i l l  be covered by 1976. 

Sone tbe  after 1980, a geostat ionary s a t e l l i t e  w i l l  be rvailable wi th  a 
200-meter resolut ion in t h e  v i s i b l e  and a 3-kilometer resolut ion i n  the  infra-  
red over cer ta in  selected areas,  which w i l l  be rastric-ted t o  the  United States, 
Central Anierica, and Souf.h America. 

From the viewpoint of the meteorologist, these s a t e l l i t e s  are an a r s e n a  
against which man will be compared in the next 5 t o  10 years. The question 
then is, can man improve o r  complement data  on t r o p i c a l  storms t h a t  these  
sensors w i l l  provide? 

The advantage of a human observer over t h e  unmanned s a t e l l i t e  i s  t h a t  t h e  
observer can scan any area of t h e  world f o r  s t o m s  and photograph offtrack o r  
ontrack sites. The s a t e l l i t e  sensors will be l imi ted only t o  certain areas 
of the  world, especially f o r  t h e  nexL 2 years. 

Nan i n  Earth o rb i t  can acquire stereopair photographs, whereas t h i s  i s  
impossible i n  t he  geosynchronous altitudes. However, time histories of l e s s  



than 1 dqy can be obtained from geosynchronous a l t i t udes ,  whereas they can- 
not be obtained from o rb i t i ng  manned spacecraft ,  

Observations of small-resolution features ,  less t han  800 meters, can be 
accomplished by man and can complement unmanned s a t e l l i t e  .lata. Such obser- 
vations are d i f f i c u l t  t o  r e c t i f y  and locate ;  t h i s  problem can be solved w i t h  
improved documentation. 

CONCLUSIONS AND XK!OMMENDATIONS 

Poten t ia l ly  s ign i f i can t  s c i e n t i f i c  r e s u l t s  from the  Skylab handheld 
photographs of t r op i ca l  storms include the documentation of an outward t i l t i n g  
w d l  cloud, of i n t e rnd .  waves surrounding overshooting clouds i n  developing 
storms, and of overshoot 'try hurricane clouds t h a t  is small but extensive i n  
area f o r  young storms. 

Recommenda.t;ions concerning fu tu re  handheld photography of t r o p i c a l  s t o m s  
from space are as follows. 

I. Black-and-white negative film would be  bes t  f o r  t r o p i c a l  storm 
photography. 

2. Contrast could be fu r the r  improved by usa of red, haze, ayd polar- 
i z ing  f i l t e rs .  

3. Cameras with clock data  chambers should be used. 

4. Locations f o r  sgec i f i c a l l y  timed photographs should ba computed. 

5. A wide-angle-lens, standard-lens, and telephotographic-lens camera 
combination should be available.  

6. The use of 70-miliimeter f i l m  i s  more des i rable  than use of 
35-millimeter film. 

7 .  Stereopair  phctographs should be taken whenexper poss ible .  

8. Direct  l i a i son  between t h e  NASA and the NESS sho.dd be arranged for 
locat ing t h e  t r op i ca l  s t o r ~ s .  

9. Crew schedules sho~lli! be flexible enough t o  allow f o r  last-minute 
scheduling of handheld ghozography. 

10. A t r a in ing  workshop on t r op i ca l  storm iden t i f i c a t i on  should be con- 
ducted before manned space f l i g h t .  



17. PRELIMINARY RZPORT ON V1SUf.L OBSERVATIONS OF THE 

OCEANS FROM SKYLAB 4 

8 R. E. Stevenson, L .  D. carter: and S. P. Vonder Haar b 

The de ;cr ip t ive  visual observa t ions  and photographic documentation of t h e  
Skylab 4 crewmen have con t r ibu ted  more t o  t h e  s tudy of ocean dynamics than nll 
o the r  Ea r th -o rb i t a l  manned space f l i g h t s .  In fou r  c a s e s ,  Ear th-orbi ta l  rn:tnr,t? i 
space f l i g h t  i s  t h e  only  technique avai lable  f o r  confirmation of t h e  aceano- 
graphic f e a t u r e s ;  and i n  chree  cases ,  it i s  t n e  only conceivable  method of 
ob ta in ing  d a t a  at t he  p re sen t  t ime.  Furthermore, only one of t h e  major fea- 
t u r e s  observed by t h e  Skylab 4 crewmen can be examined from p resen t  unmanned 
s a t e l l i t e s ,  and t h e  image provided l acks  the p r e c i s e  d e f i n i t i o n  suppl ied  by 
t h e  crewmen. 

The exact  eventua l  impact of the Skylab b information on ~c~anography, 
f o r e c a s t i n g ,  ~ n d  marine-resource development; obviously cannot be determined 
now; however, t o  say it w i l l  be  s l l b s t an t i a l  i s  c l e a r l y  an understatement 
'uecause t h e  new information is . : impressive.  These new deve lo~men t s  are 
d iscussed  i n  t h e  fol lowing para,,dphs. 

Research i n  hydrodyslamics a t  t h e  C a l i f o r n i a  I n s t i t u t e  of Technology, 
funded by t h e  Of f i ce  of Naval Research, t o  e s t a b l i s h  t h e  o r i g i n  and growth of 
eddies  from v e l o c i t y  shears i n  a jet i s  being recons idered  w i t h  a view toward 
modeling f u l l - s c a l e  eddies  as they  form i n  western boundary c u r r e n t s .  This 
recons idera t ion  i s  i n  response t o  photographs from the Skylab 2, 3, knd 4 m i s -  
s ions and t h e  confirmation by zhe Skylab 4 crewmen that cold-water eddies 
occur i n  boundary c u r r e n t s  i n  t h e  western North and South A t l a n t i c  and i n  t h e  
western So~rLh P a c i f i c  . 

An i n t e r n a t i o n ~ l  experiment w i l l  be conducted i n  t h e  Coral Sea, east of  
Australia, in Flasch 1975. The eddies  r epo r t ed  Ly *:!!e Skylab 4 crewmen will be 
t r acked ,  measured, and s tud ied  Tor t h e i r  pers i s tc3 :+e  and c o a t l n u i t y  as mesc- 
scale ocean turbulence  by s c i e n t i s t s  from t h e  United S t a t e s  and from t h e  
Australian and Ner Zealand Navies. 

The confirmation by t h e  Skylab 4 crewmen of large-scale ocean aurbulen~c, 
which i n  i t s e l f  seems t o  confirm t h e  theo ry  of eddies  formed i n  v e l o c i t y  
shea r s ,  provides t h e  r a t i o n a l  base for pos i t i on ing  buoys i n  s planned deploy- 
ment network t h a t  has  been s t u d i e d  f o r  6 years. The plan, sponscred by the 

a Office of Naval Research, Scripps I n s t i t u t e  of Oceanography. 

'universi ty  of Southern Califorriia.  



Department of Defense and t h e  National  Science Foundaticrri and coord ina ted  by 
t h e  Nation& Oceanic and Atmospheric Administrat ion (IJOAA), was f i n a l i z e d  i n  
mid-March, a f t e r  t h e  d e b r i e f i n g  OF t h e  Skylab 4 crewmembes~~, and t h e  zuggested 
i n i t i a l  deployment network w i l l  meet r e sea rch  requirements  f o r  measuring t h e  
turbulence  descr ibed  by t h e  crewmen. 

There has been no g r e a t e r  impact on oceanography s i n c e  1938, when ocean- 
ographic t echn ic i ans  of Woods Hole Oceanographic I n s t i t u t i o n  pe r f ec t ed  t h e  
mechanical bathythermograph f o r  t h e  Navy. Data from t h a t  instrumen" confirmed 
the ex i s t ence  of internal .  waves i n  t h e  ocean and the reby  r e v o l u t i o n i z e d t h e  
concepts o f  energy and momentum t r a n s f e r  i n  t h e  sea .  

SKYLAB 4 CREW DEBRIEFING 

A casual comment by t h e  commander (CDR)  eviEenced the \-slue of deb r i e f ing3  
and of t ime t o  record i ~ y r e s s i o n s  quick ly  dur ing  f l i g h t .  I n  deszri 'bing h i s  
tt  corduroy seat '  az%?an waves) and "double-knit sea" ( t v o  or t h r e e  

i n t e r s r c t i n g  s e r i e s  of ocea.1 waves ) , he mentioned how t h e y  seemed t o  spread 
across  t h e  ocean su r f ace  c n l y  t o  become "absorbed" at t he  boundaries of ccean 
cu r ren t s .  The concept of  r e f r a c t i o n , - r e f l e c t i o n ,  o r  conf in ing  OF ocean .raves 
by s t rong  clarrents rece ived  no s e r i o u s  thought u n t i l  t h e  l a t e  19601s ,  when 
oceanogrephers at t h e  University of Rhode Island i n i t i a t e d  a 5-year research  
e f f o r t .  The study was inconclus ive  because of t h e  l a c k  of da t a .  The afore- 
mentioned description by the CDR was brought t o  t h e  a t t e n t i o n  of t h e  oceanog- 
rapher  (now loca ted  at s c r i p p s )  who l e d  t h e  r e s e a r c h ,  and the s tudy  w i l l  be 
rebonsidered.  

The r ami f i ca t ions  o f  t h e  C D R ' 3  observa t ion ,  w i t h  r e s p e c t  t o  t h e  fo recas t -  
ing of storm waves and surges, a r e  not  e c s i l y  a s se s sed ,  b u t  t he  problem of 
" losine" o r  "gaining" unforecas ted  waves may just b e  t h e  r e s u l t  of wave/current 
intera:!tion. 

Another comment regard ing  t h e  p o s i t i o n  of  t h e  sediment f r o n t  i n  t h e  
Rio de l a  Plata ?nought a t t e n t i o n  t o  a concept concerning c i r c u l a t i o n  i n  
e s t u a r i e s  - a concept that had been l es t  i n  t h e  L i t e r a t u r e  of' t h e  1930 ' s .  The 
magnitude of sa l twa te r  i ~ t r u s i o n  i n t o  an e s tua ry  and t h e  subsequent f a t e  of 
the suspended sediments as t h e  wedge moves back and forth has been desc r ibed  
by i n f e rence  but never measured. The r e l a t i o n s h i p  o f  r i ve r f low t o  tidal fo rces  
is known for  only a f e w ,  well-measured e s t u a r i e s  i n  t h e  i lor thern Hemisphere. 
A more complete understanding of r iver /ocean  i n t e r a c t i o n  w i l l  be requi red  t o  
p r e d i c t  t h e  volume of storm runoff thruugh e s t u a r i e s  and t o  determine t h e  d i s -  
p e r s a l  of manmede c o n s t i t u e n t s  i n  e s t u a r i e s  and lagoons.  

The statemerit by the p i l o t  (PLT) tha t  he never s a w  suspended sediments 
far from t h e  coas t  w a s  a l s o  a r e v e l n t i o n .  Although marine s c i e n t i s t s  have 
never measured l a r g e  q u a n t i t i e s  of suspended sediment far from an open-ocean 
shore  (i. e .  , a t  a d i s t ance  of  more t h a n  50 k i l o v e t e r s  ) , t h e  a c t u a l  number of 
samples c o l l e c t e d  and a r e a s  s tud ied  has been f e w ;  consequently,  t h e  o b s e r v a t i o ~  
by the PLT was a s ign i f i cank  confirmation of what w a s  assumed t o  be t r u e .  



In this respect ,  t h e  observation by the  CDR of t ~ , a  tremendotls volume of sus- 
pnded sedlrnent i n  t he  Yellow and East China Seas was useful, That i s  the one 
marine area a f  t h e  world where tremendously f a s t  r a t e s  of deposition have 
occurred far from t h e  source, t h e  Yellow River. 

F ~ o m  the standpoint of observing t h e  ocean from space, t h e  most valuable 
information from t h e  debriefing pertained t o  t h e  visual  acui ty  of t he  crewman 
with respect t o  discerning color  and d i sc re te  features.  In both areas ,  t he  
crewmen had far b e t t e r  perception than had been ant ic ipated,  and each crewman 
saw sea-surface features  t h a t  the others did not notice or  did not recognize 
a s  being d i f f e r en t .  The CDR saw " t ~ x t i l e  seas"; t h e  science p i l o t  (SPT) saw 
H long,  discontSruous waves,'' which were ac tua l ly  windrows (~angmuir  c e l l s ) ;  and 
the  PLT discriminated subt le  color  d i s t inc t ions  more than the ot,hr:s. Each 
crewman recognized t h e  features  t h a t  in t r igued the  otliers when the sea-surface 
texture or  color  was indicated during t he  debriefing. The des i r ab i l i t y  of 
onboard conferences among t h e  crewmen and a reel-time recording system was 
thereby accented. 

Similarly, t h e  acute recognit ion of ocean waves ( t h e  t e x t i l e  sea )  con- 
t r a s t e d  with the r a r e  viewing of in te rna l  waves, much l a rge r  than surface 
waves, seems t o  be a paradox. I ~ t e r n a l  waves are ce r t a in ly  not as universally 
v i s i b l e  a t  t he  surface a s  a r e  d n d  waves and swells; yet  from the f e w  photo- 
graphs of them (from a l l  camera systems), t h e  i n t e ~ n a l  waves appear t o  be 
spectacular when they do occur. The most l i k e l y  answer t o  this seeming paradox 
is  tha t  d i r ing  t h e  l imi ted viewing minutes per day, surface manifesl;atSons of 
in te rna l  waves were not present i n  the observable s i t e s .  The comments by a l l  
.the crewmen t h a t  they could see such waveforms along "long, s t r a igh t  boun- 
daries" i n  t h e  r e f l ec t i on  of t h e  Szzn well. out i n  t h e  open ocean, however, 
confirm a long held  but unproven concept that i n t e rna l  xaves surface along t h e  
"beveled" surf ace of water-mas s boundaries. 

HIGHLIGHTS OF SELECTED OCEANOGRAPHIC 

VISUAL OBSERVATION EXPERIMENTS 

In-flight references t o  oc 2anic features  are l i s t e d  i n  'table 17-1. !L?L~ 
highlights of several  of t h e  v i sua l  observations experiments are  included i n  
the  following discussion. 

Current Boundaries, HI330 

The Skylab 4 crewmen were able t o  c l ea r ly  dis t inguish current boundaries 
when plankton blooms were present ,  buk i n  the  absence of plankton, they could 
determine t he  presence of a current only by sunglint  pat terns  or by sedimer,t- 
d ispersal  pa t te rns .  The Falkland Current off  t he  coast  of' Argentina W B : ~  eas i ly  
seen throughout t he  f l i g h t  because of the  v iv id  co lo r s  of plankton blooms; at 
one time, the  current was described as resembling a s u r r e a l i s t  painting.  On 
one pass, a colored eddy t n a t  had spun off from the current  and had occupiea 



TABU 17-1.- IN-FLIGHT REFERENCES M OCEANIC FEATURES 

FRQ1.I THX VERBAL TRANSCRIPTS OF THE S K Y W  4 CRET- 

T o t a l  no. of 
Feature mentioned 

times mentioned 

. . . .  I River and coastal sediment entering ocean I 29 

. . . . . . . . . . . . . . . .  Atolls and shoals 

. . . . . . . . . . . . . . . . . . .  . Island wake.; 

Volcanic sedirnen-t; entering ocean . . . . . . . .  
Duststorm sediment entering ocean . . . . . . . .  
seamounts. . . . . . . . . . . . . * . * . . . .  

. . . . . . . . . . . . . . . . . . . . .  1 Eddies 1 37 

6 

5 

4 

. . . . . . . . . . . . . .  Distinct wave pattel-ns 

Currents . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Upwelling. 

. . . . . . . . . .  Unexplained major turbulence 

Subtot a1 

Additional coastal and ocean areas 

(mentioned by name but no details given) . . .  
Total  



Gulfo San Jo rge  was observed. The e f f e c t s  cf such an occurrence on t h e  b i o t a  
of t h e  gulf a r e  unkcmn, The crewmen were a ' i le t o  s e e  t h e  confluence of the  
Fnlkland and B r a z i l  Curren ts  and observed t h a t  t h e  zone of  confluence migra tes  
nor th  and south s e v e r a l  hundred k i lome te rc -  Because of  co lo r  d i f f e r e n c e s ,  
t h e  crewmen were a b l e  t o  determine t h a t  the water masses of t h e  two c u r r e n t s  
do not  mix a t  t h e  confluence but  t r a v e l  s i d e  by s i d e  u n t i l  t hey  d i s s i p a t e  
approximately 3000 k i lometers  t o  the  sou theas t .  

I n  c o n t r a s t  t o  t h e  Falk.l=d Current ,  t h e  Humboldt Current (fig. 17-1) 
could be  seen only i n  sunglini;  , where i t s  presence is  indicaAcd by p a t t e r n s  of  
tu rbulence  along t h e  coas t  of Chile.  Near Ar ica ,  where t h e  South American 
coas t  juts t o  %he nor thwes t ,  a l a r g e  eddy formed by d e f l e c t i o n  of t h e  Humboldt 
Current was observed. 

Cold-Wat er Eddies,  HH33-A 

m e  a b i l i t y  of  t h e  Skylab 4 crewmen t o  respond t o  verbal, d e s c r i p t i o n s  of  
ground f e a t u r e s  ? rev ious ly  unknoirn tc them was demonstrated p e r f e c t l y  i n  t h e  
case of cold-water eddies .  These r o t a t i n g  systems i n  ocean c u r r e n t s  were un- 
known be fo re  i n t e r p r s t a t i o n  of t h e  Sicylab 2 photographs, which occurred a f t e r  
t h e  Skylab 4 crewmen were i n  o r b i t .  Af t e r  t h e  Visua l  Observations P r o j e c t  
Team t e l e p r i n t e d  up a d e s c r i p t i o n  of  t h e  edd ie s ,  which was based on t h e  
Skylab 2 photographs, t h e  t h r e e  crewmen were quick -I;o recognize t h e  a tnospher ic  
e f f e c t s  of  t h e  eddizs/clouds.  This  r ecogn i t i on  enabled them 60 observe and 
photograph t h e  t u r b u l e n t  a r eas  i n  ocean reg ions  where t h e  ground team thought 
they would e x i s t ,  as w e l l  a s  i n  ocean reg ions  where t h e  ground t e r n  considered 
t h e i r  e x i s t e n c e  unl ikely  ( f i g .  17-2). 

Th i s  sequence of events c l e a r l y  i n d i c a t e s  t he  tremendous va lne  of t h e  
t r a ined  man i n  space and t h e  d e s i r a b i l i t y  of c l o s e  communication between t h e  
ind iv idua l  crewman and t h e  ground team. It a l s o  p o i n t s  ou t  t h e  need for  mutual 
t r u s t  between t h e  crewman and t h e  ground team. 

I s l a n d  Wakes and Vor t ices ,  ~ ~ 3 4  

The crewmen could s e e  i s l a n d  wakes when atmospheric and l i g h , ~ i n g  condi- 
t i o n s  wcre favorable .  For example, i n  figure 17-3, current-genzrated turbu- 
lence a t  t h e  l e e  of each i s l a n d  (cape Verde ~ s l a n d s )  i s  clearly v i s i b l e .  The 
dark a r e a  at t h e  l e e  of  Santo Antao I s l and  i s  a r eg ion  of  upwell ing,  developed 
a s  su r f ace  water was moved away from t h e  coas t  by t he  Canary Current and r e -  
placed by cold  water from below. Such co ld  water  brir:gs n u t r i e n t s  t o  t h e  sur-  
face,  which then  a t t r a c t  f i s h ;  t hus ,  t h e s e  a r eas  a r e  usual ly  good f i s h i n g  
grounds. These f e a t u r e s  were v i s i b l e  t o  t h e  crewmen, md t h e i r  d e s c r i p t i o n s  
indica-ted t h a t  t hey  were a b l e  t o  v i s u a l l y  d i s t i n g u i s h  more d e t a i l s  t han  could 
be d iscerned  on t h e  photograph. Other observa t ions  of island wakes were made 
a t  t h e  Aleut ian ,  Galapagos, and Canary I s l a n d s ,  at Antipodes I s l a n d ,  and at  
severd.  o ther  l o c a t i o n s .  



Figure 17-1.- Patterns of turbulence within the Humboldt Current can be seen 
in the reflection of t h e  Sun off  the coast of C h i l e  (8~4-138-3858). 
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Figure 17-2 .- Atmospheric effects of cold-water eddies (tl -. . ~nnectiv~ clouds 
over the B r a z i l  Current east of Puerto Deseado, ~ r ~ e n t i l ~ a ! .  The cold 
Fdkland Current, over which no connective cumulus ) clouus are  forming , 
flows near shore (sL~-137-3608) . 
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Figure 17-3.- Flakes are visible as they extend down current from the Cape 
Verde Is lands ,  and a patch of dark upwelling water can be seen at the  l ee  
of S m t o  Antao (sL~-139-3907 ) . 



Seamounts and Shoals, HH35 

Seamounts I n  t h e  open ocean and shoals  adjacent  t o  i s l ands  were genera l ly  
described by t h e  crewmen as being greener than t h e  surrounding ocean water. 
The crewmen made e igh t  references t o  seamounts i n  t h e  t r a n s c r i p t s ;  and although 
one attempt t o  see  Orne Seamount (30 meters below t h e  surface) proved f r u i t -  
l e s s ,  they  demonstrated t h a t  under t h e  proper condit ions seamounts with tops  
near  the surface can be detec ted  by men i n  space. Seamounts o r  r e e f s  and 
shoals  were reccgnized just south of U l i t h i  Atoll, i n  t h e  French Fr iga te  
Shoals, and i n  t h e  v i c i n i t y  of F i j i  and Tonga. Descript ions by t h e  crewmen of 
t h i s  l a t t e r  group i n d i c a t e  t h a t  they could d i s t ingu i sh  considerably more de- 
t a i l  visually than t h a t  discerned from photographs taken with handheld cameras. 
It was poss ib le  f o r  t h e  crewmen t o  d i s t ingu i sh  between a t o l l s  and seamounts 
with tops  very neRr the surface, whereas t h i s  d i s t i n c t i o n  could not always be 
made when viewins t.he photographs. 

A k ~ h . ~ u g ~ i  shoal  areas of i s lands  a r e  s p e c i f i c a l l y  mentioned only a few 
times i n  the  t r a n s c r i p t ,  shoals  pre r e a d i l y  discerned i n  t h e  photographs. For 
example, shoal  a reas  around i s l ands  i n  t h e  Bahamas can be d is t inguished by 
t h e i r  color  (light b l u e )  r e l a t i v e  t o  t h a t  of adjacent  deep water.  In  t h e  Gulf 
of Venezuela, shoals  and t h e  deeper passages through them are distinct. 

Internal Waves , ~ ~ 3 6  

Although the  o r i g i n  and proidgation of i n t e r n a l  waves a r e  genera l ly  under- 
stood t h e o r e t i c a l l y ,  t h e  d e t a i l s  of t h e i r  na tu ra l  occurrence are l a r g e l y  un- 

'known. The charac ter is$ ics  and occurrence of i n t e r n a l  waves were observed and 
photographed severa l  t imes dwing  t h e  Skylab 4 m",ssion. For example, it was 
observed t h a t  i n t e r n a l  waves a r e  generated as water flows southeas ter ly  
through Cook Strait, New Zealand, and t h e s e  were photographed emly ;n the m i s -  
s ion ( f i g .  17-4). Later i n  t h e  mission, internal waves at th is  loca t ion  were 
again observed and described.  A si,nilar s i t u s t i o n  ex i s t ed  st the Cape Verde 
I s l ands ,  where t h e  Canary Current generated i n t e r n a l  waves as it passed be- 
tween the i s lands  ( f i g .  17-3). 

Internal waves of unknown o r i g i n  were a l s o  observe?. Off t h e  coast  of 
Colombia, seven or e igh t  waves of long wavelength, t rending roughly perpendic- 
~ I a r  t o  the coast,  were described. The presence of  on ly  four t o  e igh t  crests 
was a c h a r a c t e r i s t i c  of  i n t e r n a l  wrmes t h a t  was cornmonly observed, 

Coastal Sediment Plumes, HH37 

Sediment i s s u i ~ g  from r i v e r  mouths i s  read i ly  recognized from space and 
can provide valuable information about coastal current s t r eng ths  and direc- 
t i o n s  and sediment d i s p e r s a l  paths.  The crewmen were a b l e  t o  d i s t ingu i sh  
areas i n  which r i v e r s  cons tant ly  c a r r y  l a r g e  loads of sediment t o  t h e  sea; 
o ther  areas in which t h e  sediment influx t o  t h e  sea w a s  episodic during the 
e i s s i o n  were observed. Among those Ecreas i n  which turbtd water was repea.i;edly 
observed a r e  t h e  northern coas t  of Korea, t h e  mouths of t h e  Mississippi  River 



Figure 17-4.- Internal waves generated by flow between Horth Island and 
Soukh I s l and ,  New Zealand, are visible  Just above the center of t h e  
photograph (sL~-137-3725 ) . 



and the Atchafnlaya Basin i n  Louisiana, t he  Rio Magddena i n  Colombia, and the  
R i 3  Sao Francisco i n  Brazil. Early i n  t h e  mission, sediment entering "Ye sea 
from Rio Magdalena was seen t o  move northwest along t h e  connt under t h e  influ- 
ence of stronc current flow. Later observo,sions by t h e  crewmen disclosed t h e  
same psttern of movement, In Braz i l ,  obzervations cf sediment enter ing  the 
sea  from Rio Sno Francisco ind ica ted  that sediment was moving sou%wzrd along 
t h e  coast. These observations were documented by handheld photograpns and 
confirmed expectations t h a t  sediment d i s p e r s a l  along these parts of the  South 
American coast is  doninated by equa to r i a l  c u r r e n t s  r a t h e r  than by storm- 
generated swells .  

The value of t h e  Skylab 4 sediment-plume observations i n  determining t h e  
v a r i a b i l i t y  i n  patterns of sediment t r a n s p o r t  can b e  seen by comparing obser- 
vations and photographs of the Atchafalaya c o a s t a l  region t h a t  were taken i n  
ea r ly  December with those  t h a t  were taken i n  late January. I n  December, sed- 
iment en te r ing  the  Gulf f rom ' the  Atchafalayo Basin was t ranspor ted  seaward and 
dispersed by strong offshore  winds, and a turbid eddy was v i s i b l e  of fshare .  
On January 30,  winds were onshore, and sediment remained close t o  t h e  coas t  
and was carried westward by alongshore drift. 

A t  t h e  mouth of t he  Rio de l a  P l a t a  ( f i g .  17-5), between Argentina and 
Uruguay, the crewmen were a b l e  t o  see f l u c t u a t i o n s  of t h e  pos i t ion  of t h e  
Interface between sediment-laden river water and clear oceap water. The i n t e r -  
face was seen t o  migrbte upstream a considerable distance but was not observed 
t o  occur seaward af t h e  river mouth. 

CONCLUSIONS AND KECOIdI4EPTDATIONS 

The Skylab 4 mission ~ l l o w e d  la rge-sca le ,  dynamic, ocean feetures - such 
as ocean cur ren t s  and associa ted  eddies, i s l a n d  wakes, and i n t e r n a l  waves - t o  
be observed, described, and photographed i n  t h e i r  entirety. Such synoptic 
study i s  vital t o  t h e  understanding of these f e a z w e s  and was accamplished by 
visual observations and handheld photograplly. The f l e x i b i l i t y  and advantages 
unique t o  t h i s  method were demonstrated by t h e  Skylab crewmen and can be 
summarized as follows: 

I, Crewmen are ab le  t o  choose d i r e c t i o n  and angle of  observation so that 
t h e  number of poss ib le  observations of a s i n g l e  site can be maximized and s i t e s  
of oppor$unity can be se lec ted .  This  ability also increases t h e  use t h a t  csn 
be made of t h e  r e f l e c t i o n  of t h e  Sun because current  boundaries, zones of  
turbulence,  and s l i c k s  are best observed i n  sung l in t .  

2. Crewmen a r e  able  t o  take se lec ted  oblique photographs. This ability 
i s  important because t h i s  is t h e  a11l.y way systems that are 300 kilometers o r  
more i n  diameter can be photographed. 



Figure 17-5,- Interface between the sediment-laden river water of the 
Rio de l a  Plata and clear ocean water (sL~-143-4608). 



3. Valuable v i sua l  observations can be made when cloud cover o r  haze 
precludes photography, The crewmen were ab'e t o  look through small c l e a r  areas 
and thin c i r rus  overcfists and describe features t h a t  they were unable t o  
photograph. 

4. Certain wind condit ions c rea te  cloud p a t t e r n s  useful. i n  t h e  de tec t ion  
of dynamic ocean fea tu res .  Such condit ions can be recognized and ~hotogrnphed 
by crewmen but would be  photographed on ly  by chance kith an automatic system. 

5.  The crewmen provide e, real-time capab i l i ty ;  data can be discussed and 
t ransmit ted  a s  they a r e  gathered so t h a t  e x i s t i n g  condit ions can be studied. 

To reel ize more f u l l y  the  potenbia l  c a p a b i l i t i e s  of t h e  Visual  Observa- 
t i o n s  Projec t ,  two changes i n  t h e  systems used on Skyla'c 4 are recommended. 
F i r s t ,  a communication system t h a t  .ill allow real-time communication between 
t h e  crewmen and p o t e n t i a l  data users ,  such as oceanographers and f i s h e r i e s  
experts, should be developed f o r  future o r b i t i n g  l a b o r a t o r i e s .  Th i s  system 
should inclucre both voice and visual -d isplay  panels the l a t t e r  with "slave" 
s t a t i o n s  aboard a v a r i e t y  of sea-going vesse l s .  Second, a more soph i s t i ca ted ,  
manually operatea camera system should be used. Such a system should have 
a t  l e a s t  t h e  resolu t ion  of t h e  Skylab mul t i spec l ra l  photographic experiment 
( ~ 1 9 0 ~ )  cameras. The Skylab 4 crewmen were able t o  visually d i s t ingu i sh  and 
resolve more colors than can be seen on the handheld photographs; better photo- 
graphic documentation of  the  visual observations i s  needed. 

I n  addi t ion ,  t h e  following items should be emphasized during t r a i n i n g  of 
t h e  Apollo-Soyuz Test Pro jec t  (ASTP) and t h e  Space S h u t t l e  crewmen: 

1. Increase i n  p r e f l i g h t  instruction t o  crewmen by s c i e n t i s t s  

a. h p h a s i s  on q u a n t i t a t i v e  and r e p e t i t i v e  observation 

b, IJse of surface  t e x t u r e ,  sung l in t  areas, cloud patterns, and 
color  t o  view ocean f e a t u r e s  and processes 

c .  Increase i n  v e r t i c a l  stereophotography of small f e a t u r e s  by 
oblique shots  f o r  Features with a diameter g r e a t e r  than  320 kilometers 

d. S c i e n t i f i c  and s o c i a l  reasons f o r  t h e  s p e c i f i c  processes 

2. Need, for a grea te r  amount of in - f l igh t  communication between crewmen 
and scientists i n  contact with t h e  Visual Observations Team leader than was 
possible during Skylab 

a .  Shorter turnaround time f o r  information requested from space or 
on the ground 

b. hrentual  use of e l ec t ron ic  visual d i sp lay  panels  f o r  real-time, 
two-way discussions 



3. Formal b r ie f ing  of  ASTP crewmen by Skylab crowmen on the techniques 
aad l imi ta t ions  of v i sua l  observations from space 

4. Sketches of oceanographic features ( e . ~ . ,  is land wakes, eddies, and 
in te rna l  waves ) whf le i n  space 

a. Use of a Lclevision-type system i n  which t h e  sketches can be 
viewed i n  real time (or  near real time) on ships at sEn o r  at land facilities 
( the  bes t  method) 

b. Acquisition by t h e  cremen of Polaroid-ty-pe photug7:aphs an which 
they can enhance the features they have photographed while in flight with re- 
spect t o  either color o r  d e t a i l  

5. Great need f o r  documenting Sun angle and exact locat ion and time tha t  
photograph o r  v l s w l  observation was made 

6 .  Increased obse~va t ion  of t h e  open-ocean surface patterns (e.g . , 
an en t i re  sequence of over1ap;;ing shot? across a major ocean area  w i t h  simul- 
taneous v i s u a l  observationt~ (aighly recommended f9r ASTP)) 

7. Use of zooming technique f o ~  observatf.on and photography 

a. D e s c r i p t i ~ n  of generdl  .;-rent boundary, followed by descr ipt ion 
of increasingly smaller features, ~ u r h  as eddies and loops 

b. Use of wide-a.lgl@ j.i:'.l*- *?or overviews, followed by two or three 
telephotographic closeup 2by-z  

c. Use of televisirrii  imagery f o r  l a rge  areas, followed by a zoom-in 
on important de t a i l s  

8. For ASTP, photography of coastal sediment associated with river 
mouths; important Folw pol lut ion,  runoff, s i l t a t i o n  of harbor, and estuarine 
sc ien . t i f ic  s tudies  

9. Observation of whether t he  contact between features, such as is land 
wakes and the open ocean, is  abrupt or  gl-adational 

LO. A schedule f o r  %he t r a in ing  of t h e  ASTP crewmen i n  visual obser: 
vations of the ocean, corresponding perhaps t o  a minimum of 4 hours ( t w o  
1.5-hour increments and one 1-hour sess ion)  t o  be organized as follows: 

a. One and one-half hours i n  July oi August 1974 f o r  a presentation 
on oceanography and ocean features  v i s i b l e  from space 

b, One and one-half hours i n  December 1974 or  Januorj. 3975 for a 
discussion of the s p e c i f i c  ocean s i t e s  t o  be viewed during ASTP, the kinds of 
features that are  of i n t e r e s t ,  t h e  reasons f o r  t he  i n t e r e s t ,  and t h e  kinds of 
surface measurements t h a t  will be a v a i l ~ b l e  a t  each site during t he  mission 



c. One hour in late May or early June 1974 for s review of the s i tes  
md their  oceanographic features, for a short cons ide ra t ion  of sites of oppor- 
tunity, and fo r  a review of t he  visual observations flight manual (voF:~) 

The ASTP VOFb1 for oceanography shtluiri be composed of t h r ee  pages: one 
llsting t h e  ;est sites and p e r t i n e n t  data, one with four 3- by &-inch photo- 
graphs o f  s i g n i f i c a n t  features to be viewed at the t e s t  sites,  and the  third 
with f o t r  3- 5y 4-inch photographs of ocean features desired from s i t e s  of 
opportunity, 

The sc ient ist  who w i l l  be "onlinet '  Tor c o n s u l t a t i o n  during t h e  ASTP flight 
sl~cruld at tend each briefice so t h a t  the crewmen will know him as well as 
aossible. 



18. PRELIMINARY ASSESSMENT OF OCEANIC 

ORSERVATLONS FROM S K Y M  1~ 

George 

An evaluat ion  of recorded v i sua l  obse.-rations, handheld photographs, and 
Earth resources experiment package (EREP) passes made during t h e  Sk~. lnb  4 m i s -  
s i on  provided new and important information on t h e  aquat ic  environment of the 
Earth. The value of these d a t a  w i l l  not become f u l l y  apz=clnt until research 
s c i e n t i s t s  have completed extensfve analyses ,  However, a c r i t i q u e  of certain 
aspects of t h e  f l i g h t s  may be performed, and a prel iminary evaluation may be 
made, both of which concern t h e  p o t ~ n t i a l  impact of space photography on t h e  
space program, i n  general ,  and on oceanography, i n  p a r t i c u l a r .  T t  i s  with con- 
servat ive  optimism, t hez ,  that a few represen ta t ive  photographs of oceanic sig- 
n i f i c m c e ,  t r ansc r ip t ions  of tape-recorded v i s u a l  observations,  crew t ra in ing ,  
and near-real-time communication from t h e  spacecraf t  to qua l i f i ed  earthbound 
scientists will be mentianed; t h e  repor t  w i l l  also o f f e r  recommendations f o r  
fvture experiments and equipment design. 

PHOTOGRAPHIC OBSE1IVATIONG 

An example of high-oblique photography showing t h e  confluence of t h e  Pe'k- 
land Current and t h e  Brazi l  Current is given i n  f i g u r e  18-1, whicn i s  an  e a s ~ -  
looking view with South America ln t h e  foreground, It w a s  t o t a l l y  unexpected 
that t he  Falkland Current would appear b r i g h t  green as it flowed northeast from 
Cape Horn, pas t  t h e  Falkland Islands, end eventually e a s t  i n t o  the 5outh 
Atlantic n f f  t h e  Rio de l a  P la ta .  The Skylab 4 crewmen reported t h a t  t h e  bolmd- 
ary o f  t h e  warm Brazil Current and t h e  cool  Falkland Current could 'be visually 
followed f o r  over 3500 kilometers and t h a t  t h e  two cur ren t s  formed i n t e r t w l . l a n ~  
paths bu t  never showed mixing across t h e  boundary. before t h i s  mission, t h e  
growth and separat ion ox' meanders and current  r ings  were never seen i n  t h i s  
South At lan t i c  analog 50 t h e  Gulf Stresm-Labrador Current system. The combi- 
nation of o r b i t a l  groundtrack convergences a-c 51' S permitted repeated obser- 
vations of the carrents  during Januzry 1974. A t i m e  s e r i e s  o f  t h e  current  
paths may be constructed as  soon as the photographs are accura te ly  or iented .  
In  addition, new observations by t h e  c~zwmen of what appear t o  be red t i d e s  
may provide b iological  oceanographers with further ins igh t  i n t o  the spatial and 
temporal exLent of these  des t ruct ive  plankton blooms. Ordinar i ly ,  sungliilt i s  

?Nat ional  b, and Atmospheric Pldminiatration , Environmental Research 
Laboratories. 

'principal Inves t igator .  



Figrne  18-1.- Handheld pho-tograph of %he confluence of the Falkland 
Current and t h e  Brazil Curren t  ( SL~-137-3690) . 



avoided i n  over-water photography ( f i g  . 18-1 ) because co lo r  information i s  l o s t  
i n  t h e  specular  r e f l e c t i o n .  The Skylab 4 crewmen, however, repor ted  t h a t  a 
l a rge  anount of information could be found i n  t h e  g l i t t e r  p a t t e r n s .  An exampie 
of mesoscale ocean eddies observed, because of t h e  sungl in t  i n  a v e r t i c a l  photo- 
graph, i s  given i n  f i g u r e  18-2. These eddies are associa ted  with t he  Loop Cur- 
r e n t  i n  t h e  eas te rn  Gulf of Mexico, and t h e l r  l o c a t i o n  has been cor re la t ed  with 
t h e  known pos i t ion  of t n i s  Gu1.f Stream-type flow. Th i s  represents  not only t h e  
important discovery t h a t  such f e a t u r e s  can be seen i n  an otherwise r e j e c t e d  
photographic technique but a l s o  t h e  promise of searching f o r  other examples for 
a frequency-of-occurrence evaluat ion.  Studying t h e  p a t t e r n s  i n  sungl in t  and 
r e l a t i n g  them t o  t h e  formation of t h e  wind-stress vector  a l s o  enhances a i r -sea  
i n t e r a c t i o n  s tud ies .  

Whereas ocean eddies may represent  a major energy d i s s i p a t i o n  mechanism, 
i n t e r n a l  waves may play a s i m i l a r  r o l e  i n  t i d a l  d i s s i p 3 t i o n  and v e r t i c a l  
mixing. Figure 18-3 i s  a nee r -ve r t i ca l  or low-ob1iqv.e photograph of a poss ib le  
i n t e r n a l  wave f i e l d  near the mouth of t h e  Magdalena River i n  Colombia, The 
l e s s  dense r i v e r  water overlying t h e  ocean water provides t h e  d i scon t inu i ty  i n  
s t r a t i f i c a t i o n  t h a t  encourages such i n t e r n a l  ( i n t e r f a c i a l )  waves. Furthermore, 
t h e  sediment plume from t h e  r i v e r  i n d i c a t e s  l i t t o r a l  t r a n s p o r t ,  which is impor- 
t a n t  i n  s t u d i e s  performed by marine geo log i s t s  on eros ion and deposi t ion  i n  
near-shore a reas .  The s t u d i e s  of t h e  frequency of i n t e r n e l  waves and the per- 
s i s t znce  of  longshore drift are important cont r ibut ions  t o  oceanography. These 
da ta  may we l l  e x i s t  i n  t h e  photographs from the Skylab 4 mission. 

A final example of t h e  usefulness of Earth observations i s  shown i n  
f igure  18-4, which i s  a p h o t o g r q h  of t h e  New York Bight t h a t  documents t h e  
*waste a c i d  dumping event observed so  o f t e n  i n  t h e  Earth Resources Technology 
S a t e l l i t e  mul t i spec t ra l  scanner imagery. The crewmen remembered t h a t  water 
contamination, i n  genera l ,  r a r e l y  had been observed f r n a  space and t h a t  n a t u r a l  
suspended loads were a much more common f e a t u r e .  Man's hidden contr ibut ion  
(from chemical d isposal )  t o  n a t u r a l  plumes could not be est imated.  The crewmen 
f u r t h e r  remarked t h a t  because most harbors resembled New York Harbor i n  t h a t  
few, i f  any, bottom f e a t u r e s  could be recognized, photographic methods of 
b~ thymet ry  would probably work only i n  a few s e l e c t  regions  of t h e  Earth, such 
as t h e  t r o p i c s .  

VISUAL DESCRIPTIONS 

Tranc2ripts  of recorded v i s u a l  observations commentary, not a l l  of which 
were r e l a t e d  t o  photography, provided the  most import ant  l i n k  f o r  feedback 
between t h e  crewmen and oceanographers. Tllere are many e x a ~ p l e s  of t h e  value 
of manned space vehic les  t o  sc ience ,  p a r t i c u l a r l y  i n  t h e  area of f l e x i b i l i t y  
of observation programs and rou t ines .  Crew t r a i n i n g  i n  t h e  d i s c i p l i n e s  of 
marine science emphasized t h e  p r i n c i p l e s  of a n t i c i p a t i n g  an observation,  and 
when t h e  Falkland Current ( f i g  , 18-1) was unexpectedly s ighted  , t h e  response 
of the  crewmen was immediate and p o s i t i v e .  Many v i v i d  desc r ip t i cns  of 
the  flow accompanied t h e  photographs, and it was through t h e s e  tran-  
s c r i p t s  t h a t  t h e  Science Team was ab le  t o  r e a l i z e  t h e  need f o r  s e r i a l  
information and t o  relay t h a t  need t o  t h e  crewmen. That i s ,  a 



Figure 18-2.- An S190A photograph of mesoscale eddies seen in sunglint 
(sL~-22-124). 

REPRODUCIBILm OF THE 
ORIGINAL PAGE IS POOR 



i i 
1 

r 

I 
t 
i 
L 

L "--  .* w.. 
-,'. t 

a ' - '  :<, 
' .  

% 

*- d :  

h: I.. . 
:-.. 

, I.-- 

. < .I. 

% .  
L.  .*. 

Figure 18-3.- Handheld photograph of possible i n t e r n a l  wave field near t he  
mouth of the Magdalena River in Colombia (sL~-143-4602). 
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Figure 18-4.- Handheld photograph of t he  New York 
(sL~-121-2463). 
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time history of t h e  flow was photographical ly recorded md t h e  crewmen were 
always encouraged t o  comment on t h e i r  photographs and observations.  Near-real- 
time i n t e r a c t i o n  maintained though t h e  use of t r a n s c r i p t s  also provided the  
capability t o  respond t o  the visunl f indings  of t h e  crewmen and t o  d i r e c t  them 
t o  perform s p e c i a l  EREP passes, such as t h e  one over t h e  Falkland Current.  

Although t h e  s c i e n t i f i c  usefulness of handheld photography has a d i s t i n c t  
r o l e  i n  reconnaiss~nce,  it cannot surpass t h e  q u a n t i t a t i v e  p o s s i b i l i t i e s  of a 
mul t i spec t ra l  observation i n  u known ak t i tude .  The Skylab 4 crewmen remarked 
t h a t  t h e  handheld photographs were o f t e n  disappoint ing because the 
70-millimeter photographs d i d  not r e v e a l  t h e  de ta i l  o r  t h e  vividness of t h e i r  
s igh t ings .  They f e l t  t h a t  t h e  mult ispectral .  photographic camera experiments 
( ~ 1 9 0 ~ )  and especin l ly  the Earth t e r r a i n  camera experiments ( ~ 2 9 0 ~ )  were more 
representa t ive  of v i s u a l  c l a r i t y .  For example, t h e  conmander remarked that 
t h e  t-7ea.n appeared t o  have a f i n e  texture t h a t  resembled corduroy mater ia l .  
This pattern, which is probahly a manifes ta t ion  of surface waves, could only 
be Jetected with a magnifier when the SlgOB photographs were examined. 

The crewmen remarked that t hey  used t h e  binoculars a t  Least half the t ime;  
this f a c t  may explain t h e i r  disappointment with the handheld 70-millimeter 
photographs and t h e  reason why t h e  SlgOB product was  much closer t o  t h e  d e t a i l  
ac tua l ly  seen. Simi lar ly ,  with n narrow field of view, l e s s  con t ras t  i s  sac- 
r i f i c e d  because of atmospheric s c a t t e r i n g .  Thus, many of  t h e  descript ions 
given were made while using binoculars; t he  relatively wide f i e l d  of v i e w  of 
t h e  TO-millimeter camera, which was used without a viewfinder,  d id  not repro- 
duce the  observation. 

The most s i g n i f i c a n t  shortcoming of handheld photographs of t h e  ocean 
depths is  the  i n a b i 1 i . t ~  t o  determine t h e  exact l o c a t i o n .  For a s c i e n t i f i c  
study, such as a time sequence of t h e  Falkland Current, the problem becomes 
c r i t i c a l .  I n  addi t ion ,  i f  t h e  observer i s  in te r rup ted  while t ak ing  photo- 
graphs, it may be hours before  he can return t o  comment on t h e  shot. 

These inadequacies, and t h e  need f o r  magnificat ion t o  properly observe 
surface features, suggest t h e  need to develop a new handheld camera system 
before the Apollo-Soyuz Test Project Fl igh t .  A compact, s ingle- lens  reflex 
camera with a zoom l e n s  would be s u i t a b l e .  The field of view should contain 
d i g i t a l  Greenwich mean t i m e  and Julian day readouts ,  such as those  available 
on e l e c t r o n i c  watches, that would be phatographed together  with the scene. 
The l e n s  s e t t i n g s  and s e l e c t e d  focal length must be automatical ly recorded t o  
fu r the r  quantify the  data. I n  a d d i t i o n ,  r ap id  (o r  automatic) f i l m  advance is  
needed s o  t h a t  a sequence of photographs can be taken t o  reproduce the sense 
of motion t h a t  t h e  Skylab 4 crewmen believed t o  be an in tegra l  p a r t  of scene 
i d e n t i f i c a t i o n .  (one of t h e  most va luab le  aspects  of debr ief ing  was watching 
the  t e l e v i s i o n  tapes t o  l e a r n  bow the  E u t h  i s  seen from o r b i t . )  Finr.;ly, an 
integral voice recording systeni must be incorporated t o  ensure a record of t h e  



obser~ation while it is in progress. The formidable ergonomics of such a 
system may indicate t h a t  a very-high-resolution t e l ev i s i on  system would be 
super ior .  

Crew training fo r  f'uturc flights should include simulated identification 
of oceanic fea tu res  at t he  same scale as those ;een during orbit. This can be 
accomplished by flying a i rc r s f t  missions that: simulate the  speed,  resolution, 
and color observed from space and by reviewing photographs from previous space 
flights. 

The experience of t h e  Skylrib 4 crewmen may be t h e  nost important link in 
such a training procedure, and they sl~ould be directly involved in the research 
connected with their photographs. The training of future crewmen to observe 
and photograph Earth features is the most important long-term contribution 
t h a t  t h e  Skylab 4 crewmen can provide. 



19. CULTURAL FEATURES I N  S K Y W  4 HANDKELD PHOTOGRAPHS 

Robert K .  ~ o l z '  

The world can be s tudied by Earth s c i e n t i s t s  from a t  l e a s t  two view- 
points  : from t h e  purely physical  o r  na tura l  landscape view and from the  cu l -  
tural or human aspect. I n  r e a l i t y ,  physical and cultural s tudies  cannot be 
divorced from each other  because m a n  i s  an important agent of t h e  natural 
landscape. Man clears  f o r e s t s ,  p lan t s  cropland, drains swamps, bui lds  dsms t o  
create lakes, constructs t ranspor ta t ion and communication l i n k s ,  e rec t s  c i t i e s ,  
and makes pol lut ion,  together with many other macrotraces and microtraces on 
the physical landscape. Man i s  t he  most important element of nature because 
he can th ink  abs t rac t ly  and del iberate ly  modify t h e  environment over large  
segments of the Earth. Because of h i s  cul ture ,  he has the  too l s  t o  study, 
understand, manipdste ,  and c l a s s i fy  nature. Man i s  an agent of change - a 
bui lder  and a destroyer. 

The physical  and cu l tu r a l  environments of t h e  Earth cannot be separated, 
but one or  tho other can be emphasized i n  s tudies  of t he  Earth. I n  the p a s t ,  
remote sensing of the  environment and s tudies  of the Earth from space have been 
focused on t h e  physical  phenomena a t  t h e  expense of cu l t u r a l  features .  The 
cul tural  Teatures observable i n  t he  Skylab 4 handheld photographs ere  now 
being studied. 

Modification of t h e  Earth surface by man i s  the predominant component of 
t h e  landscape in many areas of t h e  world. For example, over t he  eastern 
United States, western Europe, the  s e t t l e d  areas of the Middle East and North- 
east Asia, t h e  dominant landscape features  a t  t he  surface are Ell1 man maae o r  
considerably modified by. man. Many elements of t h i s  cu l tu ra l  pa t te rn  are 
observable i n  the  Skylab 4 handheld photographs. The crewman could observe 
these @terns  from space and report  on s p a t i a l  and temporal changes. Examples 
of these  pa t te rns ,  the problems of cultural object recogcit ion,  and a review of 
cu l tu ra l  phenomena in selected Skylab 4 photographs will be discussed i n  t h i s  
section. 

C!LEWWL OBJECT RECOGNITION 

Imagery generated from space is generally produced at a small scale .ma 
presents the  in te rpre te r  a regional view. Often, such imagery i s  valuable i n  
studies of physical features because it provides an overview o r  r e g i o n d  look 
at very l a rge  features t h a t  are d i f f i c u l t  or impossible t o  perceive from 
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ground observat ions.  Large geomorphic features such as major faults, fracture 
pat terns ,  lineamentn, surface s t ruc ture ,  and gross drainage pat terns  have been 
s tudied as a unit. These features  often are obscrvrible i n  a s i n g l e  photograph 
r e .  - 1  . Overviews of hqmdredo o r  thousands of square kilometers were not 
possible beforle the  advent of space photography. 

Because photographs taken from space have lacked sufficient cu l tu r a l  
detail and resolution t o  provide s ign i f ican t  information, scientists have 
ignored c u l t u r a l  features observable i n  t h e  photograpkis or have noted the 
features as cur ios i t i es .  Recent studies (refs. 19-2 and '9-3) ind ica te  t ha t  
valuable cu l tu ra l  d e t a i l  can be extracted from small-scale photographs ~f the 
Earth. 

To date, only a few of t h e  S b l a b  4 handield photographs have been 
available f o r  preliminary study. Examination of these  photographs has 
revealed in te res t ing  po t en t i a l  f o r  research of' cultliral features  of the  Earth 
surf ace. 

Consciously or unconsciously, photointerpreters  evaluate a s e r i e s  o f  key 
factors  as they identify o b j e c t s  i n  serial photographs. The key fac tors  a re  
tone,  pa t t e rn ,  size, shape, shadow, topographic loca t ion ,  t e x t u r e ,  associa- 
t i o n ,  and color ( i f  color  f i l m  i s  used). A s  the sensor pletform is moved 
fa r ther  from t h e  Earth i n t o  space, some of t h e s e  fac tors  lose  sign3ficance or  
importance while the  value of others increases.  Carter and Stone ( ref .  19-k) 
have recen t ly  studied recognit ion e7ements i n  space pIlotogr~.phs, The r e su l t s  
of' their work indicate t h a t  s i z e  and scale a r e  of l i t t l e  1:zlue in in terpret ing 
space-generated p h o t ~ g r a p h s  of the  Earth.  To  t h i s ,  the recognftion of shadow 
element should be added because, at this s m a l l  sca le ,  shadows cha rac t e r i s t i c  
of individual  ground objects  are obscured o r  are too f a i n t  t o  see. Color, 
tone, t ex tu r e ,  and pattern are  more useful  elements i n  recognizing cultural 
features. For example, a very la rge  Suildlng i n  an urban environment is 
extremely d i f f i c u l t  or  impossible t o  delineate i n  Skylab 4 handheld photo- 
graphs. Even with t h e  a i d  ~f binoculars,  the Skylab Ir crewmen were unable to 
see pyramids i n  Egypt o r  the Rentagon i n  WashicgZon. 

Some cities, such as Dallas and Fort  Worth (fig. 19-1 ) , are qui te  
obvious t o  o rb i t ing  observers. However, t he  Skylab 4 crewmen repofied several 
times that some cities are nearly impossible t o  locate from space because of 
t h e  low site-to-background ratio and the speed at which t h e  spacecraf t  t raveled.  
%ere cities can be observed, t h e i r  o u t l i n e ,  s i z e  (actual buildup area) ,  and 
shape can be determined easily from photographs. Successive views taken 
over a yeriod o f  time o r  compared t o  previously draf ted maps are excellent  for 
documenting the r a t e  and d i rec t ion  of urban growth. Once establ ished,  urban 
shape is  remarkably p e r s i s t e n t .  Even as a central area  grows, it maintains 
the shape t ha t  was establ ished i n i t i a l l y  ( r e f .  19-5). 

Perhaps the most s i g n i f i c a n t  research t o o l  t h a t  w i l l  r e su l t  from remote- 
sensing imagery generated from space w i l l  be the  d~iliLy to monitor temporary 
phenomenon. Short-lived phenomena tha t  a f f ec t  men, such as intense t rop i ca l  
storms, volcanic eruptions,  floods, ex ten t  of  snow cover, and t h e  maturing of 
agr icu l tu ra l  crops, a r e  easi1.y monitored i'rom space. Trained observers who 





have the  f l e x i b i l i t y  i n  Judgmenz and t h e  a b i l i t y  t o  maneuver an orb i t ing  
spacecraft so t h a t  its sensors are pointing toward a r e l a t i v e l y  short-lived 
phenomenon can accomplish t h i s  type of monitoring best. Skylab 4 crewmen 
re la ted t h a t  n5 image of t h e  *?srth generated from space has t h e  subtlety of 
shade and color tha t  i s  perceptible t o  t he  human eye from t h e  same vantagz 
point. The t ra ined  observer i n  space g rea t ly  increases t he  in te rpre ta t ion  of 
imagery generated from Ear-kh o rb i t  by providing t he  added dimension of 
personal experience i n  t h e  i n t e rp r e t a t i ve  process. 

The value of spkce imagery as h i s t o r i c a l  documentation has been given 
l i t t l e  coilsideration, Repeazed looks a t  t h e  same cultural feature  over long 
periods of time w i l l  provide usef'ul information about changes. Thin imagery 
w i l l  provide a bench mark f o r  t he  monitoring and measuremenk of changes, 
especia l ly  changes t h a t  occur so slowly t h a t  they would be overlooked by 
observations mede on the ground. 

OBSERVABM CULTURAL FEATWS 

Man i s  continually modifying the Earth surface t o  meet h i s  spec i f i c  needs, 
As population increases,  these  changes become more extensive and more observ- 
able from space. Selected Skylab 4 handheld photographs are discussed i n  the  
following paragraphs; interpret%tion of these shotographs focuses on manmade 
changes of the landscape. 

The Chicago/Milwaukee Area 

The Skylab 4 crewmen took the photograph i n  f i g m e  19-2 from a posi t ion 
over eas t -centra l  I l l i n o i a  looking somewhat east  of north.  The southern shore 
and p a r t  of t h e  western shore of Lake Michigan a r e  c l e a r l y  v i s i b l e .  In  t he  
o r ig ina l  color  photograph, l i g h t e r  tones along t h e  shore, i n  contras t  t o  t he  
darker blue tones of t h e  water, may indicate  i c e  forming on t he  lake. These 
color-intensity changes were v i s i b l e  t o  t h e  Skylab 4 crewmen. The Earth s u r -  
face i n  the northeastern quadrant oS t h e  photograph is  obscured by a dense, 
although somewhat broken, l ayer  of stratocumulus clouds. 

I 

The region shown i n  f igure  19-2 has a l i g h t  snow cover, which provides 
a strong background contras t  t h a t  enhances ce r ta in  types of l m d  use and 
cultural deta i l ,  The area  ccvered In  t h e  photograph i s  approximately 320 by 
320 kilometers o r  approximately 102 400 square kilometers. The surface area  
inc1udr.d i s  from north of Mil~aukee,  near Sheboygan, Wisconsin, t o  south of 
xankakee, I l l i n o i s ,  and from near S t r ea to r ,  I l l i n o i s ,  i n  the  west t o  the head- 
waters of t h e  Tippecanoe River i n  northeastern Indiana. 

The dominant cu l t u r a l  fea ture  i n  f igure  19-2 i s  the  buil t-up area  of 
Chicago and i t s  suburbs extending along t h e  southern and southwestern pa r t s  of 
Lake Michigan. This  buil t-up area  extends from the  edge of the  cloud cover i n  
southwestern Michigm through Michigan C i t y ,  Gary and East Chicago i n  Indiana, 



Figure 19-2, - Skylab 4 handheld 70-millimeter, law-oblique photograph 
taken from a position over east-central I l l i n o i s  (~L12-139-3954). 



and through Chicago, Oak Park,  Evanston, and Waukegan t o  Zion, I l l i n o i s ,  on 
the border of Wisconsin. IJorth of Zion, t h e  smaller, more d i s t i n c t  c e n t r a l  
place nodes of Kenosha, Racine, and Milwaukee, Wisconsin, can be clearly 
i d e n t i f i e d  along t h e  Lake Michigan shore. 

Careful  examination of  t h e  Chicago megalopolis on a high-quali ty color  
image revea l s  the densely buil t -up,  o lde r  c e n t r a l  Cora of the  c i t y .  The cen- 
tral core appears much darker than  t h e  suSurbs i n  t h e  photograph. 1 1  t h i s  
area, t h e  "heat islandi '  of  t h e  i w e r  c i t y ,  l a r g e r  bu i ld ings ,  l e s s  p e e n  ar 
unoccupied space,  more po l lu t ion  of the  snow cover, and snow removal probably 
have combined t o  reduce the  e f ' . ' ~ c t  o f  t h e  white background. I n  t h i s  darker 
area, parks, golf courses, ai* p o r t s ,  and o the r  land uses with low bui ld ing 
density can be i d e n t i f i e d  c l e a r l y  by. l i g h t e r  tones. Even i n  the  most densely 
built-up p a r t  of the  city, major lineaments o r  a r t e r i a l s  are shorn. These 
lineaments represent  major t r a n s p o r t ~ t i o n  routes  ( streets , highw?ys, mil- 
roads, and pipelines) a d  drain~.gewayc ( r ivers  and canals). Near .;;he center  
of the  inner  c i t y ,  t h e  C h i c ~ g o  River C m a l  can be seen as a sharp 1j.nement 
cutfink, northeastward across  t h e  built-+up area. P a r a l l e l i n g  t h e  Lake Michigan 
shore and beginning near  t h e  Wisconsin border nor th  of Chicago is 2 dark l i n e  
t h a t  marks t h e  course of  t h e  Des Plaines River.  The darker tones probably re- 
sult from a denser biomass cover ( t r e e s  tmd brush) and o the r  changes i n  land 
use that mask t h e  snow cover. This same e f f e c t  is observable on the rural 
'mdscape where the  major drainage l i n e s  of the  region can be c l e a r l y  traced. 
;I Chicago, t hese  darker tones can be used t o  i d e n t i f y  the  Chicago Forest 

Preserves. 

* Urbm researchers have i d e n t i f i e d  t h r e e  types of c i t y  growth: zonal,  
nodal,  and s e c t o r i a l .  Careful  examination of the buil t -up a r e a  i n  and around 
Chicago revea l s  elements of a l l  t h r e e  growth p a t t e r n s .  The more densely b u i l t -  
up i n n ~ r  c i t y  can be del ineated  and, even within t h i s  area, other  zones o r  
subsones a r e  apparent.  The inner  c i t y  is  surrounded by severa l  zones i n  
which there is a decreasing i n t e n s i t y  of land use. However, wi th in  these  
zones, nodes of concentrated human a c t i v i t y  are evident .  Perhaps t h e  t e n d r i l s  
t h a t  follow t ranspor ta t ion  routes  i n t o  .>,he suburban f r i n g e  a r e  t h e  most 
s t a r t l i n g  fea tures  of Chicago urban growth, Clear,  f r i n g e l i k e  s e c t o r s  of' a 
major urban development can be seen, for  example, t o  t h e  northwest (Palatine, 
Arlington Heights,  Mount Prospect ,  and Des Pla ines )  i n  two l i n e s  t o  the  west 
(West Chicago, Glen Ellym, and Elmhurst and Napervi l le ,  Downers Grove, w,:d 
L a  Grange) and t o  t h e  south (park Forest , Homewood, and ~ a r v e y  ) . Within these  
sec to r s ,  nodes of more in tense  development a r e  i d e n t i f i a b l e .  From t h i s  pat- 
t e r n ,  s e c t o r s  appear t o  grow by outward d i rec t ione l  expansion of previously 
ex i s t ing  nodes. Nearer the core of t h e  c i t y ,  t h e  zones between t h e  sec to r s  
have been occupieci. If t h e  n o m d  p a t t e r n  c f  urban growth r e s u l t s  i n  the 
f i l l i n g  i n  of t h e  unoccupied l and  between bui l t -up  sectors, t h e  size mid shape 
o f t h e  c i t y  can be predic ted .  Obviously, t h e r e  i s  considerable p o t e n t i a l  f o r  
growth i n  t h e s e  unoccupied spaces. 

Near t h e  bottom cen te r  of f i g u r e  19-2 i s  a dark l i n e  crossing t h e  land- 
scape. This l i n e  represents  the Kankakee 3 ive r  a d  csn be traced nor theas twud 
i n t o  Indiana and southern Michigan. The conurbation of Kmzkakee and Bradley, 
I l l i n o i s ,  b isec ted  by t h e  Kankekee River, is evident i n  t h e  b o t t o a  center of 
the photograph. Even i n  t h i s  smd1e.r central place,  the three -t;yper- of growth 



observed i n  l a rge r  development around Chicago occur. The major lineament run- 
ning through Kankakee and trending toward t h e  t op  of t h e  photograph i s  I n t e r -  
s t a t e  Highway 57 paral.leled by the  I l l i n o i s  Central Railroad. CarefliL 
observation reveals  numerous cen t ra l  place nodes along these  t ranspor ta t ion 
l i nks ,  From south t o  nor th ,  these  are Ashkm, Cl i f ton,  Chebanse, Kankakea, 
Manteno, Peotarle, a d  Monee. The effect here is  s i m i l a r  t o  the pa te r  noster  
lakes observed i n  areas of  alpine glacia t ion where small c i r cu l a r  t a r n  lakes  
are connected by a common stream. The s p a t i a l  d i s t r i bu t i on  of these nodes i s  
in te res t ing  because they seem t o  be somewhat un i fomly  spaced and of approxi- 
mately t h e  same s ize  i n  t h e  built-up area ,  except i n  t h e  Kankakee area. Many 
other cen t r a l  places of varying s i z e  a re  d i s t r ibu ted  over t he  ruraL landscape. 
I n  t h i s  humid e,rea of in tensive  agr icu l tu ra l  development, a l i g h t  snow cover 
d i s t i nc t l y  enhances the out l ines  of t he  buil t-up asea of c en t r a l  places.  
Photographs of t h i s  type would be excel lent  for monitoring t h e  grcwth and 
development of smaller c en t r a l  places f o r  which current  da ta  are d i f f i c u l t  t o  
obtair., 

On a good reproduction of f igure  19-2, o r  under magnification, a faint 
but c lea r ly  d iscernible  r e c t i l i n e a r  p ~ t t e r n  can be seen i n  t h e  snow cover on 
t h e  r u r a l  countryside. No groundtruth checks were made i n  t h i s  a rea  a t  
t h e  time t h e  photograph was taken, but t h e r e  does seem t o  be an explanation 
for t h i s  pa t t e rn .  Property i n  I l l i n o i s  and Indiana i s  diviCea by t he  U.S. 
Land Survey system. This system, whizh uses the square mila (sect ion o r  
6b0 acres)  a s  its basic  unit, i s  d i n e d  north-south and east-west. Normally, 
around each square mile t he r e  i s  a section-l ine r o ~ + d .  These roads are  c leared 
of snow by plowing, s a l t i n g ,  o r  heating generated from vehicular  t r a f f i c .  The 
r e c t i l i n e a r  pa t t e rn  of these cleared roads is  c l ea r l y  shown against  t h e  back- 
ground of l i g h t e r  snow cover, 

Northern I l l i n o i s  h i s t o r i c a l l y  was a vegetat ive t ra r i s i t ion  zone between 
t he  mixea hardwood fo res t  of t he  northeastern United S t a t e s  and p r a i r i ~  grass- 
lands f a r t h e r  t o  t he  west. This  partxcular  m-ea was o r ig ina l l y  long-grass 
prair ie ,  dot ted  with a few t r e e s .  However, along t h e  stream courses, t he  
eastern forest cotrbinued t o  t h e  grassland i n  galeria-type fo res t s .  This 
change i n  vegetation and l m d  use ex i s t s  toc~b.;r ~3fi : 5  he lpfu l  i n  defining the 
out l ine  of t h e  major drainage networks i n  t h e  *re&. The Kankakee River ctin 
be traced from i t s  headwaters i n  southern Michig~n southwesterly through 
northwestern Indiana i n t o  I l l i n o i s  where it joins the Des Plaines River. One 
of t h e  major t r i k u t a r i e s  of t h e  Kaykaee River,  t h e  Iroquois River, empties 
i n to  t he  la rger  stream southeast uf t h e  c i t y  of Kmkakee. The Des Plaines 
River can be t raced from i t s  headwaters near t h e  border of Wisconsin, through 
the built-up area of Thicago, and then southwesterly toward i t s  confluence 
with the I l l i n o i s  River. Farther t o  t h e  west and near t h e  Wisconsin border, 
the  headwaters of t h e  Fox River give r i s e  t o  southwesterly f lowing streams 
t h a t  join t h e  Des Plaines Rivcr, East of t he  c i t y  of Kankakee, t h e  Kankakee 
River malres a sharp, almost right-angle turn t o  t he  nor theas t .  North of t h i s  
bend and b i sec ted  by t h e  river i s  t h e  c i t y  of Momence, I l l i n o i s ,  only a few 
kilometers from the  Indiana border. Land use along t h e  r i v e r  here changes; 
t h e  s ignature  of t he  r i v e r  valley is  th icker  and darker. Ju s t  northeast  of 
Momence, a ledge of r e s i s t a n t  limeston? has created a na tu ra l  dam or barrage 
i n  t he  river. His to r ica l ly ,  beyond t h ~ s  dam the great  K&.akee Swamp formed, 
reaching n ~ ~ h e a s t w a r d  t o  t h e  present-day border of Michigan. The Corps of 



Engineers removed t h i s  na tu r a l  ba r r i e r  ana drained the  swamps. The drained 
bottom land should have been ag r i cu l t u r a l l y  productive, but the  l i g h t ,  sandy 
s o i l s  soon l a s t  t h e i r  f e r t i l i t y  because of in tensive  annual cropping. Except 
for small areas of ~ p e c i a l i z e d  agriculture (such as t he  area of g ladiola  bulb 
production around ~omence , most of these  f i e l d s  were abandoned. The area  
nas grown up i n  th ick brush and second growth timber, which p r o d ~ ~ c e s  a signa- 
ture much l i k e  that along t h e  Des Plaines River north of Chicago. 

Northwest of Kankakee where t he  Kankakee River joins t h e  Des P1.aines 
River (near Braidwood, Coal Ci ty ,  and ~ i l m i n g t o n )  , large, dark r e c t i l i n e a r  
pat terns  a r e  evident on the landscape. I n  t h i s  region,  the upper edge of the 
I l l i n o i s  Basin comes very near the  surface.  By removing a loose r ego l i t h  o r  
overburden, coal. seams may be reached. The dark pat terns  i n  the photograph 
could be  ac t i ve  strip-mining operations. Sequen t id  photographs taken from 
space of t h i s  area would present  the bes t  measurable evidence of the  rate, 
direct ion,  and s i z e  of strip-mining operations. 

The h i s t o r i c  s ignif icance of t he  photograph i n  figure 19-2 w i l l  be 
realized by fur the r  study. Careful enlargement, edge enhancement, and machine 
processing undoubtedly s h o d d  reveal  considerably more information. For 
example, measurements of t h e  s i z e  and spacing of t he  cen t r a l  places on t h i s  
r e l a t i ve ly  f l a t ,  uniform, productive agr icu l tu ra l  p la in  could be made. By 
measuring t h e  actual. s i z e  of built-up urban places and comparing t h i s  s ize  wt th  
t h e  known population, a model of cen t ra l  place population could be developed. 
The model would be based on actual  built-up area  and other observable phenomena 
such as  t ranspor ta t ion l i nks  and distance t o  and s i z e  of nearest  l a rge r  neigh- 
bor. The po t en t i a l  of' t h i s  photographic image taken from space is l imi ted 
only by man 's imagination. One s i g n i f i c a r ~ t  point t h a t  should be emphasized is  
t h a t  a l i g h t  snow cover enhances t he  ou t l i ne  of c en t r a l  places when observed 
from space. 

THE DALLAS/FORT WORTH ARFA 

The Skylab 4 crewmen took the photograph shown in f i s t r e  19-1 from a 
viewing angle southwest of t h e  Ja l l as /For t  Worth area in Texas. A broken 
cloud cover extends from t h e  southwest t o  t h e  northeast  across t he  upper 
t h i r d  of t h e  photograph. It i s  difficult t o  ae temine  the exact area photo- 
graphed because of t h e  cloud cover, the  oblique ph~tograph  angle, and the haze. 
The conurbation of t he  ~ a l l a s / ~ o r t  Worth area i s  located i n  t he  lower right 
part of the photograph. The built-up paktern of these two urben centers and 
changes i n  r u r a l  land use pat terns  i n  t he  area  surrounding the  c i t i e s  w i l l  be 
discussed. 

The c i t i e s  of Dallas and Fort  Worth a r e  growing toward each other. 
Twin arms o f  urban growth (northward and southward) have almost coalesced t o  
connect t h e  two c i t i e s .  The growt;h a m s  have been c d l e d  field l i n e s  by 
Nunley ( r e f .  13-6). These f i e l d  l i ne s  now enclose a zone of unoccupied space 
along the Dallas/Fort Worth toll road. , :his space is rapidly  being f i l l e d ,  
and a comparison with t h e  1968 Apollo 6 2hokograph ( f ig .  19-3) t h a t  was pre- 
viously exmined ( r e f .  19-5) indicates  the rap id  r a t e  at which t h i s  buildup 



Figure 19-3.- Apollo 6 photograph of the Dallas/~ost Worth axea. 
(~56-2-1462). 



is occurring. The major gaps i n  the buildup of t h e  southern arm are caused 
primarily by physical fea tu res .  Southeast of Fort Worth, Lake  Arlington 
in te r rup t s  t h e  urban pattern; southwest of Dallas,  the  break r e s u l t s  f'rom 
Mountain Creek Lake. Urban growth i s  now beginning t o  bypass these  reservoirs  
t o  t h e  north, east ,  and west. A gap e x i s t s  i n  the. northern arm of urban 
growth, j u s t  south of  t he  Greater Southwest International .  Airpor t ,  which 
appears as a b r i g h t ,  arrowlike pa t t e rn  j u s t  northwest of Dallas.  With t h e  
stimulus t o  gro*h t h a t  t h i s  t r anspor ta t ion  f a c i l i t y  w i l l  provide,  t h i s  
unoccupied space will undoubtedly be used rapidly .  

The urban pa t t e rn  of ~ a l l a s / F o r t  Worth i s  in te r rup ted  by t h e  T r i n i t y  
River f lood p l a i n  cu t t ing  across t h e  c i t y  from t h e  northwes-t; t o  t h e  southeast.  
White Rock Reservoir on White Rock Creek, a t r i b u t a r y  of' t he  Trinity, i s  
c1.early v i s i b l e  i n  the c i t y  cf Dallas. The urban gruwth from Dallas has 
reached the eastern edge of Ray Hubbard Lake as a r e s u l t  of the  growth of the  
c i t i e s  of Garland and Mesquite. 

The c l e a r  fork of t h e  T r i n i t y  River angles across For t  Worth from 
southwest t o  northeast  and i n t e r r u p k  the mottled gray s ignature  of built-up 
urtm space. To t h e  southwest, t h i s  stream has been dammed t o  form Benbrook 
Lake, which is  c lea r ly  v i s i b l e  on the photograph, as are Lakz Worth and 
Eagle Mountain Lake t o  the nor th .  I n  t h i s  c l imat ic  t r a n s i t i o n  zone between 
the  humid-continental cl imate t o  t h e  e a s t  and t he  semiarid-steppe climate t o  
t h e  w e s t ,  r e s e r v o i r  s i t e s  are invaluable. Xowever , it i s  obvious t h a t  t h e  
development of these  reservoirs r e s t r i c t s ,  confines,  or r e d i r e c t s  urban 
growth p a t t e r n s .  

Both of these  urban places exhibi t  aspects  af Burgessr classical hypothe- 
sis of c i t y  grow-kh by concentric zones, although t h e  pa t t e rn  i s  stronger for 
Dallas, espec ia l ly  on t h e  northeastern and eastern sides of t h e  c i t y .  Urban 
development between Dallas and Richardson t o  t h e  northeast  has almost coa- 
lesced and c e r t a i n l y  has expanded considerably s ince  t h e  1958 Apollo 6 photo- 
graph was taken. To t h e  e a s t ,  growth around Garland and Mesqnite has almost 
f i l l e d  t h e  unoccupied gap between them. Careful examination of t h e  Skylab 4 
photogr~ph w i l l  reveal  a developing, noncontiguous s e r i e s  o f  smaller central 
places.  These urban places already show evidence of growth toward each other 
and could form the  next concentric  zone s t i l l  f a r t h e r  from the c e n t r a l  city. 

More recent  theor ies  developed i n  social-area analys is  and empirical 
s t u d i e s  i n  ecology ind ica te  t h a t  cities may grow i n  s p e c i f i c  pa t t e rns .  These 
pa t t e rns  have been i d e n t i f i e d  o r  associated with types of s o c i a l  organizat ion.  
Development can occur i n  s e c t o r s  or  perhaps around nodes. The t ranspor ta t ion  
system, which can be t r a c e d  wel l  i n t o  t h e  built-up space of t h e  c i t i e s ,  and 
the  unoccupied flood-plain zones of L:ze drainage patterns divide both major 
c i t i e s  i n t o  c lea r ly  recognizable sectors. Delineation of these  sec to r s  from 
t h i s  photograph i s  possible. Process-oriented morpholrllgical research should 
be designed t o  -~~.3t the validity of these urban sectors  as seen i n  spRce 
imagery. Such s tudies  would provide bench-mark ini'ormation f o r  the  theory of 
urban s e c t o r a l  development. Even within these  sec to r s ,  nodes of development 
can be observed and measured. Some of t h e s e  nodes a re  previously e x i s t i n g  
communities that have been encompassed by t h e  expansion o r  growth of a 



concentric zone o r  sector .  Other nodes appear .to be shopping centers ,  r e s i -  
dential. development, o r  i ndus t r i a l  concentrations t h a t  form an independent 
center of human ac t i v i t y  ir. a spec i f ic  sec tor  o r  zone, Caref'ul study of t h e  
built-up urban space i n  t h i s  Skylab photograph reveals  elements of d l  three  
types of growth. This suggests s t i l l  another theory of urban development 
t h a t  would encompass elements of a l l  th ree  theor ies  (concentric zone, sec tora l ,  
and nodal) i n t o  a s i n g l e  unif ied statement. 

I n  the  mottled gray of t h e  c i t y  signatures i n  figure 19-3 are var ia t ions  
i n  tone, t ex ture ,  pa t te rn ,  and color.  These var ia t ions  undoubtedly represent 
differences i n  urban land use. These changes could reveal  high-, middle-, and 
low-income housing; t he  cen t r a l  business d i s t r i c t ;  i ndus t r i a l  or  manufacturing 
zones; and o ld  (as  opposed t o  newer) developrnect. The i n t e rna l  signatures of 
urban land use need t o  be examined i n  more d e t a i l .  

The agr icu l tu ra l  land use pat terns  around ~ a l l a s / F o r t  Worth are c lear ly  
recorded in. t he  Apollo 6 photograph ( f i g .  19-3) . A considerable mount of 
field var ia t ion is observable although t h i s  photograph was taken a t  t he  end 
of t he  growing and harvesting season, No groundtruth i s  avai lable  t o  reveal  
the  nature of individual crop signatures shown i n  t he  photograph, but c u l t i -  
vated f i e l d s  are discernible  from noncultivated f i e l d s  or pasSurelmds. 

Perhaps the  regional  t rend  of t h e  rural land use pat terns ,  where a 
north-south orienta"c0n predominates, i s  more important. Chmges i n  the  land 
use pat terns  are evident,  especia l ly  e a s t  of Dallas, between Dallas and Fort 
Workh, and west of Dallas. These changes i n  land use are  fu r ther  accentuated 
by t he  drainage pa t te rns ,  which generally run from north t o  south. A study of 
t he  regional  boundaries of t h e  major geologic un i t s  within t h e  area 
( f i g .  19-4) reveals t h e  north-soutah t r end  of rural land use pat terns  and 
drainage. The Paluxy, Woodbine, and Glen Rose boundaries are qui te  d i s t i n c t .  
One minor exception occurs t o  t he  southeast where t h e  boundary i s  crossed and 
masked by the Brazos River. Other i den t i f i ab l e  un i t s  with sharp zones of 
contact a re  t he  Goodland, Austin, and Eagle Ford areas.  The greates t  d i f f i -  
cu l t i e s  i n  mapping these  contacts occur where they are  masked by t h e  com- 
bined e f f ec t  of t he  built-up areas of ~ a l l a s / F o r t  Worth and t h e  flood p la in  of 
t he  T r in i t y  River. Because each of these  geologic un i t s  has a d i f fe ren t  
l i thologic  composition, the s o i l s  t ha t  develop from these parent materials  
have differen% agr icu l tu ra l  potent ia ls .  It i s  not  unusual. t ha t  t he  zones of 
contact between the  geologic un i t s  mark sharp changes i n  land use pa t te rns ;  i n  
fac t ,  it i s  probably t h i s  land use change that;, i n  l u g e  measure, makes these  
boundaries discernible.  

Continued examination of t h i s  Skylab photograph will reveal  even more 
cultural detail. One question a r i ses :  Why do these two c i t i e s  show up i n  
such marked contrast  t o  t h e i r  background when large  c i t i e s  i n  other puts  of 
the  w017.d axe almost inv i s ib le?  I n  p a r t ,  the  answer may be t h e  way Western 
man adapts the  landscape t o  meet his own needs. By contrast  , c i t i e s  i n  the  
developing world have fewer high-rise buildings and are more l i k e l y  t o  be 
b u i l t  of materials from t h e  local environment. Therefore, these c i t i e s  have 
a photographic signature much l i k e  t he  background around them. The problem 
of locat ing c i t i e s  from space i s  one t h a t  requires continued study. 
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'?he southern tip of Florida is shown i n  f igure  19-5, Scattered f a i r -  
weather cwnulus clrtuds cover the southcast coast nnd extend out over the 
ocean. The geographical area covered i n  the photograph reaches fron north 
of Lake Kissimee (in t h e  upper let% corner) t o  Florida Bay i n  t h e  south,  a 
distance of approximately 300 kilometers, and from t h e  Atlantic Occ~m on the  
east to the Gulf cf 14exico on t h e  west .  An E a r t h  surface area of lpproxi- 
mately 67 000 square kilometers is  shown i n  figure 19-5. 

Along the west c o a s t ,  t h e  large  bay near t h e  le f t  margin of f igure 19-5 
is Charlot te  Harbor. The drainage lines of t h e  Mydca and Peace Rivers axe 
shown discharg ing  i n t o  t h i s  jay. The discharge of sediment fran two major 
passes, Boca Grmde Pass and, s l i g h t l y  t u  t h e  south,  Captivn Pass, i n t o  t;he 
G u l f  of Mexico i s  shown. S t i l l  f'mther t o  the  south, the  drainage network of 
the Ca1aosalla"chee River can be traced inland to Lake Okeechobee, which is 
the large in land water body near  t he  upper cen te r  of t h e  photograph. The 
stream that connects Lake  Okeechabee northward t o  LRke Kiss imee  is very 
evident i n  the photograph; t he  high albedo of i ts  signature indicates a low 
wnter s tage  with considerable expased alluvial fill i n  the stream channel. 

On the west coast around Charlotte Harbar and south t o  the city of 
N a p l e ~ ,  discontinuous patches of cultivstian and other rwal l m d  use act ivi-  
t i e s  can be seen. Some of these,  such as the light-colored squose northwest 
of Lake Okeechobee, are quite Large. A f a i n t ,  l ight-colored l i n e  extends 
s t r a i g t t  e ~ s t w a r d  from Naples t o  Fork Laudcrdale on the  east coast .  Th i s  i s  
the photographic s ignature  of t h e  Everglades Turnpike, also known ns Al l iga to r  
Alley. Just north of t h e  turnpike,  a sharp land use boundary chnnge occurs, 
which indicates t h a t  t h i s  land i s  used f o r  growing winter  vegetables and 
grazing cattle. South of this boundary, the r e l a t i ve ly  uniform response o f  
the  dense vegeta t ive  cover of the  Everglades is  prevalent .  From n e a  Naples 
on the west coas t ,  another sharp boundary change extends southeastward at 
an angle i n l and .  This line represents another vegetation chnnge (mangrove 
swamp grow-th) and marks t h e  approximate boundary of the Ever@;lndes f1ationa.l 
Park, 

The cloud cover over the eas t  coast masks some of the  finer urban d e t a i l ,  
but t h e r e  is sharp contrast S,n the o r i g i n a l  co lo r  photograph between the  
mottled gray of the coastal  urban buil t-up a reas  and t h e  darker blue green of  
the Everglades inland. Perhaps the  most startling area of con t ras t  is  the  
continuous na tu re  and dens i ty  of urban buildup tha t  extends approximately 
120 k i lometers  from Per r ine ,  on Biscayne Bay south of' Miami, northward t o  
West Palm Beach. The ~ l m o s t  uniform dis tance  t h n t  this urbnn buildup extends 
in lmd,  or westward, i s  remarkable. Clesr evidence of westward expansion i s  
evident only  near M i m i .  T h i s  uniform east-west w i d t h  of  the  built-up area 
probably results from the combination of many factors.  The most important 
facLors are t h e  limiting environmental, economic, md physical  const ra in ts  t o  
suburban development imposed by the Everglades t o  the  west and by t he  
beachfront-oriented t o u r i s t  trade t h a t  has had such a s t rcng influence on t h e  
development of t h i s  region. 



Ff gure 19-5. -- S w a b  4 handheld 70-millimeter, low-oblique photograph 
GL the sou",hern tip of Florida (sL~-139-3982). 



The urban development occurring north of Miami contras ts  sharply with  thac 
development observed around Chicago ( f i g .  19-2). Chicago i s  a l s o  a coastal 
city, but t o  t h e  west,  a f e r t i l e ,  relatively flat, a g r i c u l t u r a l  p l a in  invites 
easy expansion, e spec ia l ly  along t ranspor ta t ion  routes .  The Chicago suburbs 
are dominated by rad ia l ,  spokelike development. The urban development along 
t he  east coast  of Miami i s  confined t o  a ra the r  narrow coasta l  corridor, with 
the  ocean t o  the east and the Everglades t o  t h e  west.  For environmental, 
aes the t i c ,  and economic reasons, urba growkh is not  penetrat ing i n t o  the  
poorly d r ~ i n e d  Florida i n t e r i o r .  From older maps, t he  urban expansion north- 
ward from Miami seems t o  have r e su l t ed  from the growth and merging of a s e r i e s  
of smaller cen t r a l  place nodes. Even today, carefill  examination of the built- 
up urban a rea  reveals  nodes of denser concentration. In t h i s  sense ,  the  urban 
development of M i a m i  appears t o  con t ras t  sharply with that of Chicago, end 
t h i s  variation should o f f e r  an i n t e r e s t i ng  field for  comparative study of 
how c i t i e s  i n  varying spatial loca t ions  developed. A s  a final poin t ,  Miami i s  
unusual i n  t h a t  it does not have a well-developed productive h in te r l and  immedi- 
ately surrounding it . 

SOUTHERN MOROCCO, THE ATLAS MOUNTAINS, AND 
SOUTHWESTERN ALGERIA 

Near t he  northwest coast of Africa looking approximately eastward, the 
Skylab 4 crewmen took the photograph shown i n  fi@;llre 19-6, Cloud cover, haze, 
and t h e  high oblique angle of Lhe photagraph make it difficult 'to determine 
the  exact area covered. For study of cultural. pa t t e rns ,  the  area  shown i n  
t he  bottom (western) two-thirds of t h e  photograph i s  the most valuable. 

The Oucd ( ~ i v e r !  Tens i f t  (lower l e f t  corner of f i g .  19-6) flows through 
the Haouz P la in ,  a densely occupied plain t h a t  stretches from t h e  coast t o  
Marrakech. The Oued Tens i f t  appears on the -photograph as a dark l i n e ,  
probably because o f  derlse vegetat ion,  and can be t raced  w e l l  back i n to  t k ~  
i n t e r i o r  of t h e  region,  past t h e  city of Marrakecb, t o  the f o o t h i l l s  of the  
High Atlas Mountains. 

Few works of man are  v i s i b l e  on the landscape of t he  Haouz P l a i n .  Vege- 
t a t i o n ,  o r  the  lack of  it, causes much color d i f f e r en t i a t i on  i n  t he  o r ig ina l  
color phoeograph. The northern and western slopes of the High Atlas Mountains 
are well watered and thun appear t o  be green. This green shade a l so  i s  evi- 
dent along some of t h e  r i ve r  channels well  away from the  mountains. In a l l  
o ther  areas, vegetat ion i s  sparse o r  lacking, md various rock or surface 
material colors ( i .  e. , w h i t e ,  yellow, brown, re9,  gray,  etc. ) can be distin- 
guished. Some of t h e  major t r i b u t e r i e s  of the Oued Tensift  cen  be delineated,  
and the photographic signature i n  t h i s  area is probably again due t o  denser, 
better-watered vegetat ion.  Much of t h i s  vegetation i s  irrigated cu l t iva t ion  . 
Overall, the re  is no s t r i k ing  pa t t e rn  of rural land use tha t  can  be ea s i l y  
observed, as i n  r u r a l  areas of t h e  Western world. 



Figure  19-6. - Skylab 4 handheld 70-milljmeter , high-oblique photograph 
of southern Morocco, the A t l a s  Mountains, and southwestern Algeria 
(s~4-139-391~) . 



The dominant landform i n  f igure  19-6 is the main thrust  of t h e  High and 
Middle At las  Mountains. In  t h i s  photograph, which is e s s e n t i a l l y  fiee of  
clouds along t h e  bottom (western) two-thirds, t h e  white area is  snow cover 
on t h e  upper slopes of t h e  mountains. By using this snow cover as an indica- 
t o r ,  the drainage network of  the  mountain system can be accurately mapped. 
By computing the area  of snow cover a n d  co r re la t ing  it with time of y e a r  and 
snow depkh, the  amount of water avai l&L~e f o r  i r r i g a t i o n  could be predicted,  
Such a predict ion would be exkremely important i n  southern Morocco where most 
cu l t iva t ion  i s  t h e  d i r e c t  result of i r r i g a t i o n .  

Careful study of f i g u r e  19-6 will reveal t h e  presence of the  c i t y  of 
Marrakech, s l i g h t l y  Lo %he lower left; of t h e  center .  The city i s  near t h e  
V-shaped confluence of the Oued Tens i f t  and one of i t s  major t r i b u t a r i e s  from 
the  High At las  Mountains, t h e  Oued Issil.. 

Eastward from Marrakech, ' the  v d l e y  of t h e  Oued Zate can be traced back 
i n t o  t h e  i n t e r i o r  of High Atlas. The main r idge  of t h e  mounLains can be 
crossed through t h e  Tizi n 7  Tichka Pass i n t o  t h e  va l l ey  of Draa on the eastern 
o r  Saharan s ide  of the  mountains. The complexity of t h e  geologic structure 
t o  t h e  east of t h e  mountain s tands  out sharply i n  figure 19-6 because, i n  t h i s  
deser t ,  environmental s t r u c t u r e  is  not masked by overlying vegetat ion.  Jus t  
t o  t h e  lower right of t h e  center  of t h e  photograph, the l i n e a r  s ignature  of 
the  i r r i g a t e d  c u l t i v a t i o n -  i n  t h e  Dr&a Valley appears dark green. This signa- 
t w c  car1 be t raced  across  o r  through the geologic s t r u c t ~ l r e  t o  t h e  edge or' 
t he  desert where it t u r n s  sharply  southeastward. The Oued Dr&a flows toward 
t h e  At lan t i c  Ocean along t h e  southern edge of t h e  Anti-Atlas where i ts  course 
i s  l a r g e l y  control led  by the  up- t i l ted  rock formations of the Saharan Plateau 
t h a t  form the  souther11 f lanks  of t he  Anti-Atlas. 

Another val ley  can be seen between the High Atlas t o  t h e  north and the 
Anti-Atlas t o  the south (beginning a t  t h e  lower center  and ending at t h e  
bottom margin of fig. 19-6). This i s  the  valley of the Oued Sous. L a d  use 
i s  in tense  over much of the valley., and a condit ion of mal overpopulation 
sends mlgrants t o  dl. parts of Morocco. Yet, except d o n g  t h e  water courses,  
few traces of man's a c t i v i t y  can be observed on the landscape. 

To the  nor%hea.st of +he Sous Valley, a spur of snow-covered, hfghlands 
separates t h e  Sous and Dr&a Valleys. This a r e a  is  shown as a knot of high 
ground t ha t  connects the Anti-Atlas with t h e  High Atlas.  Known as Jebel 
Siroua, these highlands are somewhat a i f ferent  i n  character  from the Anti- 
Atlas and High Atlas; they appear more rounded and t h e  drainage basins are 
less numerous and appear l e s s  deeply entrenched. Geologically younger m d  
sharply contrasted with t h e  folded sediments of .$he other two mountain 
ranges, Jebel Siroua. i s  a large volcanic e A r u s i o n .  

The s t e e p  mountain va l l eys  of these ranges are peopled l a r g e l y  by Berbers 
l i v i n g  i n  i s o l a t e d ,  f o r t i f i e d  The villages are so  small that they 
a re  unobservable a t  t h e  sca le  shown i n  figure 19-6. It is Smpossible to 
dis t inguish  t h e  in tens ive  l and  use i n  these  valleys. 



Southern Morocco is not densely populated by world standards, yet  the re  
a r e  many people l iv ing  an t he  land,  especia l ly  i n  small ,  nucleated v i l l ages .  
The land i s  cultivated in tensively  where i r r i g a t i o n  water is  avai lable ,  and 
it i s  used extensively fo r  grazing on t h e  nonirrigated uplands. In photo- 
graphs of t h i s  sparsely vegetated region, however, a photointerpreter  with 
some knowledge of t h e  landscape must search careful ly  before he can detect  
t r aces  of man. !he urban signatures i n  this photogragh a r e  extremely differ- 
ent from those shown i n  t h e  photographs of Chicago, Dallas/Fort Worth, and 
M i a m i .  In t h i s  generally semiarid lendscctpe, t he  cities of t h e  developing 
country blend i n to  t h e  background of t h e  landscape. There m e  probably many 
reasons f o r  t h i s ,  but  c i t y  s i z e ,  building s i z e ,  and bui lding materials  are 
undoubtedly t he  most im;portant factors. 
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20, AFRICAN DROUGHT AND ARID LANDS 

N. H. ~ a c ~ e o d ~ '  and J. S. Schubert b 

The conclusions d i scussed  i n  t h l s  repoi*?, a r e  based on Skylab 4 premission 
b r i e f i n g s ,  a study of some o f  t h e  handheld photographs, and postmission debrief- 
ings, From t h e s e  f i n d i n g s ,  supe r io r ixy  i n  some a s p e c t s  of t h e  observa t iona l  
capac i ty  of mnn i n  space over t h a t  of ground-based s c i e n t i s t s  has  been estab- 
l i s h e d .  S c i e n t i s t s  on the ground used mechanical data sources such as t h e  
Ear th  Resources Technology S a t e l l i t e  (ERTS) ,  whereas t h e  Skylab crewmen used 
premission onboard r e fe rences  and i n - f l i g h t  o r i e n t a t i o n  m a t e r i a l s  and other 
data sources as a b a s i s  f o r  t h e i r  observa t ions .  The crewmen's v i s u a l  a c u i t y  
and co lo r  separa$ion a b i l i t y ,  c o r r e l a t i v e  and i n t e g r a t i v e  f u n c t i o n a l  a b i l i t y ,  
physical a b i l i t y  t o  a i m  s enso r s  a t  s e l e c t e d  s i t e s ,  and the  Ges t a l t  func t ion  of 
h i s  mind (a  human ab i l i ty  t o  f i l l  information gaps caused by c louds ,  atmospheric 
opac i ty ,  e t c . )  a r e  t h e  b a s i s  for t h i s  conclusion. 

I 

Crewmen can l e a n  to c l a s s i f y  features t h a t  are new t o  them; they  are 
a l r eady  t r a i n e d  t o  recognize landmarks useful  i n  p i lo t age .  Duri t~g t h e  Skylab 4 
mission,  t h e  crewmen learned t o  c l a s s i f y  land use u n i t s ,  t~ es t ima te  t h e  pro- 
p o r t i o n s  of t h e  components of l and  u n i t s ,  and t o  c l a s s i f y  land use fea-cures 
prev ious ly  unknown t o  them (i.e., c ~ d t u r a l  p a t t e r n s  i n  E ~ s t  A f r i c a ) .  

The Afrzcan drought s e c t o r  was observed and photographed by t h e  Skylab 4 
crewmen. Seasonal burning p a t t e r n s ,  dust- and smoke-cloud movement, vegeta- 
t i o n a l  p a t t e r n s  of  f reshwater  marshes, and land s u r f a c e  co lor  and cha rac t e r i s -  
t i c s  were of d i r e c t  i n t e r e s t .  

I n  terms of a r i d  a r e a s ,  t h e  crewmen were a b l e  t o  d i f f e r e n t i a t e  c l e a r l y  
between western o r  Europeen arid land development and t h a t  found i n  Afr ica .  
This d i f f e r e n t i a t i o n  involved an independent l ea rn ing  process  through which tke 
crewmen recognized anomalies i n  Afr ican land  use  and c o r r e c t l y  assessed  t h e i r  
significance. 

In a negat ive  sense ,  t h e  crewmen experienced t i f f i c u l t i e s  i n  l o c a t i n g  small 
f e a t u r e s  and i n  o r i e n t i n g  themselves be fo re  site acquisition. While vegetative 
d i f ferences  were observed, d i f f e r e n c e s  i n  cont iguous p l a n t  communities were 
obscured because of low c o n t r a s t .  The d i f f i c u l t y  i n  observing seazonal. changes 
and dormant o r  dead vege ta t ion  i n  Af r i ca  may be a t t r i b u t e d  t o  the  very  h i g h  
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r e f l ec tance  of  the land surface  i n  the  drought areas .  The observer on the 
ground cap false  color  techniques and digital enhancement to  inprave con- 
trast, and to make use of ref lec tance  c h a r a c t e r i s t i p s .  The crewmt5n d i d  n o t  
have t h i s  c a p a b i l i t y .  Spec ia l  sensors such a s  high-resolution radiometers that 
produce matiband data might be provided so  t h a t  observers could check t h e i r  
assumptions, enhance c o n t r a s t ,  use d i g i t a l  ana lys i s  i n  r e a l  t ime,  and generally 
expand t h e i r  analytical rerources.  I n  t h i s  manner, i n t e p r e t a t i o n s  and recom- 
mendations from future observers can be accomplished i n  real time. 

Because a r i d  regions are f requent ly  uniform i n  b r igh tness  and because any 
atmospheric aerosols reduce scene con t ras t ,  t hese  regions are difficult f o r  the 
hwnan sensors and mind t o  c l a s s i f y .  The S b l a ' b  4 crewmen repor ted  that semi- 
a r id  reg ions  ( those  of p a r t i c u l a r  current  i n t e r e s t  t o  land-management special-  
i s t s )  have even l e s s  v i s u a l  cont ras t  and appear even more "bland." Semiarid 
regions are inherent ly  d i f f i c u l t  t o  observe because of t h i s  c h a r a c t e r i s t i c .  

vestern l and  use p r a c t i c e s  were used, t h e  p a t t e r n s  were r e c t i l i n e a r  and 
the observational  capacit ies of the crewmen resulted i n  a f a ~ i l i t y  f o r  classi- 
f i c a t i o n s ,  I n  underdeveloped areas where c u r v i l i n e a r  geometries of land use 
patterns prevai led ,  the crewmen were l e s s  confident of t h e i r  classifications. 

NlN FEATURES AND PKENOMENA 

Burning 

I n  Aus t ra l i a ,  Argentina, and East and West Afr ica ,  both visual observations 
and handheld photography Y n r e  used t o  observe large-scale burning. While b u n -  
ing is considered t o  be both g o d  and bad, the ex ten t  of burning i n  a r i d  and 
semiarid regions  (both developed and developing) i s  su rp r i s ing  . S c i e n t i s t s  
realiz,:.2 this f ac t  a f t e r  studying t h e  Skylab 4 visual. s igh t ings  and photographs. 
I n  Nigeria, Cameroon, and the  Central  African Republic, f o r  example, f i r e l i n e s  
( ac tua l  lines of burning) extending more t h a n  6h0 kilometers (east-west orienta-  
t i o n )  were observed during nighttime f lyover.  Smoke plumes and burn scars from 
recent  burns were photographed i n  these  areas. 

.A p a r t i c u l a r l y  i n t e r e s t i n g  v i s u a l  observation made over t h e  Gourma region 
of Mali (southeas t  Mali) was that the burn war occurring on a landscape t h a t  
appeared t o  be void of vegetat ion.  After  the r a i n y  season for tflis area, the 
vegetat ion was straw colored,  the color of t h e  s o i l .  I n  t h i s  zone, t h e  burn- 
i n g  was destroying reserve  fodder (bushe9 and t r e e s )  i n  an area i n  which c a t t l e  
were dying of drought-induced s -~a rva t ion .  Obsersations such as these could be 
used t o  warn herders t o  avoid the  area.  

The enormous extent of burning i n  t h e  S a h e l h n  Zone of Africa is slowly 
being recognized from t h e  Skylab 4 visual and photographic documentation, ERTS 
imagery, and other sources. In a current  atcdy, E3TS imagery i s  being used t o  
elassify the region i n  which long f i r e l i n e s  were observed by t h e  crewmen accord- 
ing  to i n t e n s i t y  of t h e  burning. The particular area was not previously clas- 
s i f i e d  as high-intensi ty burning although it was observed as such from the 
Skylab 4 spacecraf t .  This visual observation is ,  therefore ,  a valukble addendum 
t o  t h e  study. 



Although burning does i n c r e a s e  minera l  a v a i l a b i l i t y  TO p l a n t s ,  reduce 
i n s e c t  populat ion,  s e l e c t i v e l y  m a i ~ t n . ~ ; !  resistant p l a n t  species, and ~impl.~;"y 
c l e a r i n g  a c t i v i t i e s ,  t h e r e  a r e  nega t ive  a s p e c t s .  The most harmful result of 
t he  burning i s  t h e  removal of vege ta t ive  c . r e r  dur ing  t h e  h o t t e r *  and w i n d i e s t  
seamn, which inc reases  t h e  s u s c e p t i b i l i t p  of t h e  land  t o  wiild e ros ion .  B u n -  
i ng  also reduces the organic ma t t e r  of t h e  s o i l ,  which was a l r eady  badly 
dep le t ed  i n  t h e  Sahel. Organic ma t l e r  i s  a n  important factor i n  t h e  mainte- 
nanns of good s o i l  phys i ca l  p r o p e r t i e s ,  a v a i l a b l e  minera ls ,  ;l.nd l i t t e r  that 
mo2er;ites the s u r f a c e  microcl imate o f  the s o i l .  

I n  add i t i on ,  rqngeland burning reduces t h e  number of u s e f u l  p l a n t  species. 
Although t h e  burning of rangeland t r a d i t i o n a l l y  r e s u l t s  i n  new grass gro-Ah, 
burning des t roys  bushes and t r e e s  t h a t  a r e  important forage  producers i n  t h e  
Sahel  where c a t t l e  a r e  w e l l  adapted t o  t h i s  Toad source, The cu r ren t  view 
maintained by U.S. agencies  and s c i e n t i s t s  who are preparing development strat- 
eg ies  i n  t h e  Sahel i s  t h a t  burning occurs  just be fo re  t h e  r a i n y  season starts; 
burning at t h i s  t ime r e s u l t s  i n  minimum harm and maximum b e n e f i t .  The Skylab 4 
observa t ions ,  however, c l e a r l y  i n d i c a t e  t h a t  t he  burns  occur a t  t h e  worst  t ime,  
or  just a f t e r  t h e  rainy season ends. The near-real-time information t r a n s f e r  
from space by t h e  crewmen over  t h i s  part of Af r i ca  and t h e  suppor t ing  photo- 
graphs a r e  being used t o  c o r r e c t  t h e  errcneous impression of t h e  U.S. planners .  

Dust 2nd Smokk Clouds 

Very s i g n i f i c a n t  observnt luns of c loudiness  i n  A f r i c a  were made by t h e  
Swlab 4 crewmen a s  they der;cribed and d i f f e r e n t i a t e d  t h e s e  "smoky" o r  "dusty" 
clouds from white  clouds.  %?hey observed the  movement of  these former cloud 
systems i n t o  the Atlant2c  and Indian  Oceans from West, Cen t ra l ,  an? Eas t  Af r i ca .  

The s i g n i f i c a n c e  of  t h e  observa t ions  i s  twofold. T i r s t ,  t h e  crewmen were 
a b l e  Lo sepa ra t e  t h e  cloud t y p s  i n t o  normal and dus ty  clouds;  second, t h e  
crewmen were ab le  t o  observe the  d i s t ~ i b u t i o n  and f a t e  of t h e  clouds as t h e  
systems moved on a c o n t i n e n t a l  s c a l e  far i n t o  ad j acen t  oceans. 

National  Oceanic and Atmospheric Adrninistraeion s t u d i e s  have shown t h a t  
the cloud systems moving from West A f r i c a  i n t o  ';he Ailantic Ocean reduce s o l a r  
irradiation of the ocean s u r f a c e  by 25 pe rcen t ,  t h a t  t h e  systems retain t h e i r  
i d e n t i t y  a s  a s t a b l e  i nve r s ion  l a y e r  as f a r  as the Caribbean Sea, and t h a t  this 
layer suppresses  cumulus cloud formation ( i . e . ,  the  normal exchange of water  and 
energy between atmosphere and ocean does riot occu r ) .  

The a b i l i t y  of the crewmen t o  classff 'y  t h e  cloud systems and t o  note t h e i r  
extent should l e a d  t o  further a n a l y s i s  of t h e  e f f e c t  of Afr ican dus t  and smoke 
on g l o b a l  weather events .  If t h e  denuded Sahel i s  a s i g n i f i c a n t  source of airst 
and smoke and if t h e s e  ae roso l s  are s i g n i f i c a n t l y  a f f e c t i n g  both energy balance 
and r e g i o n a l  hydrologic  cyc l e s ,  t h e  observa t ions  of t h e  Skylab 4 crewmen should 
be used t o  provide more and f a s t e r  a i d  i n  t h e  e f f o r t  t o  r e v e g e t a t e  and r e s t a b i -  
l i z e  t h i s  region. Skylab v i s u a l  observa t ions  d a t a ,  i n  t n i s  i n s t ance ,  sh0uJ.d 
stimulate a c t i o n  i n  t h e  i n t e r e s t  of t h e  United S t a t e s  as well as the a f f l i c t e d  
African s t a t e s .  



Land Use P a t t e r n s  

A p a r t i c u l a r l y  i n t e r e s t i n g  learning cyc le  occurred during t h e  Skylab nbopr- 
vations regarding the  creumenfs recognit ion of the  r e c t i l i n e a r  land use pnttrik.llL; 
of western ag r i cu l tu re  f n  a r i d  regions as contras ted  t o  t h e  t r a d i t i o n a l  patterns 
found i n  Afr ica .  The crewmen were br iefed  on n land use problem i n  t h e  Sahel 
(overcropping and use of marginal l ands )  but were not ab le  t o  a s sess  these  
problems from space i n  t h e  context  i n  which they were p e s e n t e d  i n  premission 
b r i e f ings .  

However, t h e  crewmen independently analyzed t h e  c i r c u l a r  ' t ce l lu la r i '  pat- 
t e r n s  common i n  t h e  Sahel and t h e  i n t e r f l u v i a l  cropping p a t t e r n s  of' Tanzania. 
They hypothesized, c o r r e c t l y ,  t h a t  they were observing t h e  l o c a l  p a t t e r n  of 
cu l t iva ted  l and ,  t h e  f e a t u r e  t h a t  had been i n e p t l y  described t o  them f o r  West 
African observations.  Although t h e  crewmen d id  not f e e l  t h a t  they could observe 
t h e  f e a t w e s  requested,  they d i d  observe s u b t l e  anomalies on t h e  land surface 
and in tegra ted  t h e i r  observations i n t o  a hypothet ice l  scheme. The r e s u l t  was 
t h e  deve?-opment of a new observat ional  s k i l l .  This ski l .1  required months f o r  
t h e  zuthors and t h e i r  col leagues t o  acquire  even with consul ta t ion  with anthro- 
pologis ts  f a m i l i a r  with t h e  a r e a .  

The l and  use pa t t e rns  derived from observations of  Tanzania a r e  new. These 
pa t t e rns  w i l l  be  compared t o  s i m i l a r  land use pa t t e rns  i n  Zai re  and Angola and 
t o  d i s s imi la r  pa t tern?  :? West Africa. In Zaire, a t  l e e s t ,  t h e  land use pat- 
t e r n s  observed during the Skylab mission i n d i c a t e  advanced d e t e r i o r a t i o n  of t h e  
land surface . 

Vegetation Fn t h e  Inland D e l t a  of t h e  Niger River 

Because t h e  crewmen could e a s i l y  iden tz fy  t h e  in land  d e l t a  of the Niger 
River i n  Mali and because t h e  photographs a r e  valuable d a t a  f o r  t h e  Niger Ri-~er 
hydrologic s t u d i e s ,  two of these photog rap;^^ ( f i g s .  20-1 and 20-2) a r e  current ly  
being s tudied .  The problem being s tudied  i~ t h s  disappearance of vegetat ion i n  
the  permanent l akes  of the  in land  d e l t a .  T h i s  problem may be an impor-tant 
fac tor  i n  explaining t h e  observed changes i n  t h e  amplitude and period of t h e  
Pliger River f lood c r e s t .  The use  of floodwaters f o r  i r r i g a t i n g  r i c e  downstream 
v i t a l l y  a f f e c t s  food production of the region.  The removal of vegeta t ion  i n  
the d e l t a  i s  thought t o  have r e s u l t e d  i n  a mcre r ap id  and higher f lood tha t  
l a s t e d  1 month ins tead  of 3 months. In 1973 and 1974, for  ins tance ,  t h e  flood 
arrived a t  Niamey, Niger, 2 months e a r l y ,  which d r a s t i c a l l y  af fec ted  vegetable,  
r i c e ,  and o the r  i r r i g a t e d  crop production i n  t h a t  a rea .  

Areas e a s t  of the d e l t a  i n  which a large, dry streambed has been noted are 
included i n  f i g u r e  20-2. This streambed previously had not been v i s ib l e  i n  
either EXTS o r  Apollo Earth-looking imagery. These streambeds are very impor- 
tant i n  t h e  future development of the Sahel. Although they a r e  d i f f i c u l t  f o r  
crewmen t o  observe, t h i s  photogreph i3dicsltes t h a t  observations from space 
can pl'ovide new information on t h i s  important resource. The streambeds, which 
have not yet been exploi ted ,  a r e  important because of t h e i r  Juxtaposi t ion  t o  
irrigable soils and near-surface vater i n  t h e s e  dry channels.  



Figure 20-1. - Inland delta of the Niger River in Mali (8~4-136-3380). 



Figure 20-2.- Area egst of the inland delta of -\;he Niger River showing 
a large,  dry streambed (8~4-136-3382) . 



CHARACTETXSTICS OF THE OBSE3VATIOIfAL CAPACITY 

OF THE CREWMEfJ 

I n  t h e  deb r i e f ing  se s s ion  with t h e  crewmen, it became evident  t ha t  man's 
mode of  observat ion from space and t h a t  used by Earth-observing s cnmrs  mounted 
on a s a t e l l i t e  platform are q u i t e  d i f f e r e n t .  I n  t h i s  and o the r  visual observn- 
t i o n s  s u b j e c t s  t h a t  were debriefed,  it becme evident  t h a t  not only t h e  mode of  
observing the Earth is  d i f f e r e n t  b u t  t h a t  t h e  i n t e n t  of man observing t h e  E u t h  
i s  d i f f e r e n t  when man c o n t r o l s  how and what he sees .  T t  became obvious t h a t  
because of t h e s e  d i f f e r e n c e s ,  t h e  two systems (man and sensor  packages) are each 
uniquely adapted f o r  s p e c i f i c  func t ions  and t h a t  t h e s e  func t ions  are, i n  many 
cases ,  complementary. During the  deb r i e f ings ,  it became evident  t h a t  man sees  
c o r r e l a t i v e l y ,  observes and analyzes r e l a t i v e  t o  h i s  own knowledge, s e l c c t i v c l y  
observes, i n t e g r a t e s  what he sees  i n t o  a "permanent" record  and updates  t h a t  
record,  compares what he observes wi th  t h o  record,  and makes conclusions based 
on t h i s  comparison. Man's permanent r eco rd  m k e s  it p o s s i b l e  f o r  him t o  r e t a i n  
both synopt ic  and h i s t o r i c a l  information and t o  compare o r  analyze each new 
observa t ion  r e l a t i v e  t o  t h a t  s t o r e  of knowledge i n  a rea l - t ime mode. Enrth- 
observing senso r s ,  i n  c o n t r a s t ,  observe u n s e l e c t i v e l y  but o b j e c t i v e l y  and are 
more e a s i l y  adapted t o  form a permanent but nondiscr iminat ing record .  I n  addi- 
t i o n ,  t h e y  may be  designed t o  make f i n e r  d i sc r imina t ions  ( e . q . ,  i n  co lo r  o r  
t one )  and t o  f i l t e r  o u t  all o t h e r  unwanted information - a d i f f i c d t  task f o r  
man. The crewmen s t a t e d  tha-t small d i f f e r ences  i n  t o n e  f o r  f e a t u r e s  of p a s t e l  
colors were e a s i e r  Lo d i sc r imina te  than  dark  f e a t u r e s  of any c o l o r .  

A s p e c i f i c  example of man's c o r r e l a t i v e  observa t iona l  a b i l i t y  and h i s  
a b i l i t y  t o  i n t e g r a t e  information was demonstrated by t h e  obse rve r ' s  desc r ip t ion  
of t h e  source of smoky clouds i n  t h e  Indian  Ocean. The crewmen were able, by 
observing on success ive  passes  a t  d i f f e r e n t  times of  day and by w i n g  t h e i r  
record ing  arid r e l a t i n g  a b i l i t y ,  t o  i de i i t i fy  the  source of some of t h e  clouds as 
t h e  burning p r a c t i c e s  i n  Tanzania and Kenya. A s  prev ious ly  mentioned, t h i s  
observa t ion  i s  very s i g n i f i c a n t  i n  f u r t h e r i n g  t h e  understanding of  environmental 
re la t ionshTps  i n  Africa. 

The discovery of t h e  source of  t h e  clouds a c t u a l l y  w a s  based on two sepa- 
r a t e  ty-pea of observa t ion .  The f i x t  ~f t h e s e  was t h e  observa t ion  of  unusual 
clouds. The crewmen observed t h a t  the  d e n s i t y  and shape o f  t h e s e  c louds  were 
similar t o  c i r r u s  formations,  b u t  they  appeared t o  be darker .  No a l t i t u d i n a l  
information w a s  available t o  t h e  crewmen; such inforination also would not have 
been a v a i l a b l e  through c o n v e n t i o n ~ l  sensors  f o r  observing su r f ace  fea tures .  The 
presence of mu l t i l aye r  atmospheric samplers a c t i v a t e d  by t h e  c r e w e n  could have 
confirmed t h e  presence and type  of these  clouds as w e l l  as provided a permanent 
record  f o r  f u r t h e r  analysis. Thi s  type of sampling might provide confirmation 
da t a  and a b e t t e r  d e s c r i p t i v e  base f o r  f u t u r e  observa t ions  by man. 

Xn a d d i t i o n  t o  t h e  cloud observa t ions ,  a t  n i g h t  t h e  crewmen observed a 
b r igh t  s t r i p  of  land (approximatley 640 kilometers long)  an t h e  Afr ican  Conti- 
nent .  By day, t h i s  s t r i p  was obscured by dark plume p a t t e r n s  that moved. The 
commander concluded t h a t  t h e  dark plumes represented  smoke produced by f i r e s ,  



which were t h e  br ight  s p o t s  at  n i g h t .  I n  a d d i t i o n ,  because of t h e  ex t en t  of 
the f i r e s  and t h e i r  proximity t o  what he i d e n t i f i e d  as vege ta t ion ,  he was ab le  
t o  conclude that lie wns seeing a slash-rind-burn a g r i c u l t u r e  on a scrtla rli-.;tsr 

befdre recognized.  This conclus ion  confirms man's a b i l i t y  t o  observe, remember 
what was p rev ious ly  observed,  mpare t h e  observa t ions  by using background 
knowledge, i n f e r  causa l  se la t14ns l l fpo , -  and a r r i v e  a t  a f e a t u r e  i d e n t i f i c a t i o n .  
Although sensors o r  ,;;ameras could  be used t o  o b t a i n  such d a t a ,  t h e  process  of 
i n t e r p r e t i n g  the da t a ,  whether recorded by senso r s  o r  by man, and drawing con- 
c lus ions  from them i s  s t i l l  only  poss ib l e  througk. t h e  reasoning power of man. 

Discerning t h e  r e l a t i o n s h i p  between t h e  f i r e s  and t h e  smqky clouds i s  t h e  
t y p e  of c o r r e l a t i v e  i n t e g r a t i o n  of  information t h a t  may always be unique t o  
man. The crewmen decided t o  fol low t h e  smoky clouds to t h e i r  source  o r  sources; 
t h u s ,  ignor ing  gaps i n  the  data, they  s e l e c t i v e l y  observed t h e  clouds a s  they 
progressed over t he  African Continent.  Human synopt ic  s e l e c t i v e  memory made it 
poss ib l e  t o  screen  out  o t h e r ,  un re l a t ed  information and t h u s  t o  b e  a b l e  t o  track 
clouds. Because of their a b i l i t y  t o  compare and c o r r e l a t e ,  t h e  crewmen were 
ab le  t o  observe similar c louds  emanating from f i r e s  and t o  conclude t h a t  t h e  
f i r e s  were a source of the c louds .  Although t h e  crewmen were not  a b l e  t o  
observe discrete sources f o r  o t h e r  smoky c louds ,  i nc lud ing  t h e  A t l a n t i c  Ocean 
clouds, t h e y  were a b l e  t o  s ea rch  f o r  such a source .  Dust a r i s i n g  from the 
d e s e r t  i s  a l s o  a poss ib l e  source  of c loud  formation.  I n  future miss ions ,  with 
the d e s c r i p t i v e  ma te r i a l  t h a t  can b e  provided by t h e  crewmen, clouds may be 
traced t o  their source.  

T B J N I N G  FOR FU'S'URE MISSIONS 

Although t h e  t r a i n i n g  t ime fox. crewmen on f u t u r e  miss ions  i s  very  l i m i t e d ,  
p a r t i c u l a r l y  f o r  t h e  Apollo-Soyuz Test P r o j e c t ,  obse rva t ions  on S h u t t l e  missions 
may be a s s i s t e d  by i n t e n s i v e  t r a i n i n g  i n  eco log ica l  s u b j e c t s .  Such t r a i n i n g  
w i l l  provide crewmen wi th  t h e  sense  of' i n t e r r e l a t i o n s h i p s  of s o i l ,  water ,  vege- 
t a t i o n ,  and human-occupation p a t t e r n s  t h a t  i s  e s s e n t i a l  fcr making c o r r e i a t i v e  
and i n t e r p r e t i v e  observa t ions .  These i n t e r r e l a t i o n s h i p s  are expressed 8 s  s u b t l e  
but recognizable  d i f f e r ences  i n  t h e  l a r d  su r f ace .  I n  a d d i t i o n  t o  such t r a i n i n g ,  
sensors  for  d i r e c t  use by crewmen should be developed to permit  0 b S e r v ~ t i 0 n s  of 
phenomena o u t s i d e  t h e  v i s i b l e  spectrum. Fur the r ,  a major e f f o r t  should be made 
t o  i n t e g r a t e  d a t a  flow from unmanned s a t e l l i t e s  and t o  provide  observers i n  
o r b i t  wi th  t h e  output from resource  information systems t h a t  a r e  now under 
development. The Skylab 4 crewmen demonstrated c l e a r l y  t h a t  t h e  syn thes i s  of 
information by o r b i t i n g  obse rve r s  does lead t o  new and important i n s i g h t s  re- 
perding the  condi t ion  of t h e  s u r f a c e  of t h e  Ear th .  Fu r the r  t r a i n i n g ,  spec ia l  
sensors ,  and a continuous inforlnat ion uplink w i l l  provide t h e  c e p a b i l i t y  f o r  
m a n  i n  space Lo exp lo i t  h i s  s p e c i a l  a b i l i t i e s .  



21. PEU3LIMINARY REPORT ON SKYLAB DIM-LIGHT ACTIVITIES 

This preliminary report on s p e c i f i c  a c t i v i t i e s  involving dim-light and 
twilight observations includes genera2 comments on day and night  handheld 
photographs. The repor t  i s  divided i n t o  thrtte sec t ions :  s c i e n t i f i c  return, 
in-flight techniques, and ground administrative techniques. The sect ion on 
s c i e n t i f i c  r e tu rn  i s  l i m i t e d  i n  scope f o r  two reasons. F i r s t ,  the r e l a t i ve ly  
small time allotment for low-light-level observations precluded an abundant 
data return. Second, much of the film used f o r  these observations has n o t  y e t  
been made avai lable  f o r  examination. 

SCIENTIFIC RETURN 

Photographs taken by t h e  Skylab 3 and 4 crewmen of the limb of the Ear th  
i n  t h e  d i rec t ion  of  the  Sun, with the Sun j u s t  below t h e  horizon, w i l l  be  vat- 
uable i n  e s t ab l i sh ing  t h e  nature of t h e  twilight band2 reported (refs. 21-1 
.and 21-2) as a  r e s u l t  of visual observations and a s  a r e s u l t  of analyses o f  
16-millimeter color photographs taken dur ing  the Gemini I V  mission ( r e f s .  21-3 
an& 21-4). Analyses of these photographs may provtde additional. information 
i n  support of the  theory described i n  r ~ f e r e n c e  21-3 t h a t  states t h a t  the  
Chappuis vis ib le  a t so rp t ion  bands of ozone are responsible f o r  t h e  centr :d  
blue band t h e t  i s  seen between the t v o  whitest  bands. 

The Skylab crewmen were unable t o  d i s t ingu i sh ,  either v i s u a l l y  o r  photo- 
graphica l ly ,  the c i t y  of Addis Akaba, Ethiopie ,  dur ing  daytime observations. 
Perhaps when a c i t y  has such extreme lack of contrast i n  v i s i b l e  l i g h t ,  night; 
photography can be useful i n  gaining information on the c u l t u r d  pa t t e rns .  
Photographs of o ther  c i t i e s  were taken at night during t h e  Skylab 4 mission. 

%ASA Goddard Space Fl igh t  Center . 
'principd. Investigator. 



IN-FLIGHT TECHNIQUES 

The handheld cmeras and t h e  film on board Skylab were adequate t o  sat-  
isfy t he  objectives of the  Visual Observations ProJect. However, there is a 
need for ei ther  quick-exchange film magazines or dedicated film and camera 
body systems, for greater recording sensitivities, and for an intensifier 
camera, i f  specid low-light-level  experiments are included. 

For the Apollo-Soyuz Test Project and Shuttle missions, the visual obser- 
vations ground support t.;m should include a photoscientist hnd a camera engi- 
neer to assist. the crewmen w i t h  lens setting and f i l t e r  se lect ion and with 
camera anomalies. Future v i s u d  observations $ems should study the resu l t s  
of t h e  Skylab visual observations and participate i n  the visual observations 
experiment t r a i n i n g  together with the crewmen. 
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PART C 

RECOMMENDATIONS 



The Visual Observat ions P r o j e c t  ~eam'? 

The recommendations by t h e  Visua l  Observations P r o j e c t  Science Team 
members and t h e  crewmen f o r  iaproved technfques , methods, equipment, t r a i n i n g ,  
and o v e r a l l  conduct of Ear th  observa t ions  f o r  future missions a r e  important 
r e s u l t s  of t h e  Visual  Observations P r o j e c t ,  The need for improved t r a i n i n g  
was s t r e s s e d  throughout t h e  d e b r i e f i n g  se s s ions  by bo th  t h e  members of t h e  
Science Team and t h e  crewmen. The crewmen recommended t h a t  t r a i n i n g  begin 
2 years  before a mission and inc lude  ove r f ly ing  s i t e s  t o  develop o b s ~ r v a t i o n  
techniques and t o  p r a c t i c e   sing t h e  handheld camera equipment i n  a l i m l t e d  
time l i n e ,  A concent ra ted  s tudy  of previous space imagery should be i n t e g r a t e d  
i n t o  crew t r a i n i n g .  The crewmen a l s o  s t r e s s e d  t h e  efily prepara t ion  o f  t h e  
onboard d a t a  packages t o  i nc rease  t h e  time a v a i l a b l e  f o r  s tudying  and 
reviewing t h e  v i s u a l  observa t ions  m a t e r i a l  w i th  t h e  Science Team nernbers. The 
ex ten t  of  t h e  t r a i n i n g  shou ld  be determined partly by t h e  mission. p r o f i l e .  
However, t h e  crewmen recommended t h a t  t h e  t r a i n i n g  provide a broad knowledge 
o f  the  d i s c i p l i n e s ,  such as an understanding of t h e  r e l a t i o n s h i p s  among s o i l ,  
water ,  and vegeta t ion  i n  an  ecological system, and t h e  s p e c i f i c  types of 
information t o  be c o l l e c t e d  f o r  individual .  s i t e s ,  Extensive use of phuto- 
graphs t h a t  i l l u s t r a t e  a v a r i e t y  cf Sun angles  and viewing angles  i s  also 
recommended t o  acquaint  t h e  observer w i t h  t h e  appearance o f  t h e  s i t e s  and 
f ea tu re s .  

For the Apollo-2oyu.z Tes t  P r o j e c t  mission,  t h e  crewmen recommended 
concent ra t ing  t h e  t r a i n i n g  on a l i m i t e d  number of s i t e s  because of t h e  s h o r t  
durat ion o f  t h e  mission and t h e  l i m i t e d  time a l l o t t e d  t o  t h e  experiment.  

6 " 
' To inc rease  the  s c i e n t i f i c  r e t u r n s  on fut t . re  Ea r th  observa t ion  manned 

missions, t h e  Science Team-members recommended t h a t  one o f  t h e  crewmen be a 
scientist w i t h  academic t r a i n i n g  and experience i n  Earth science. 

Major c r i t i c i s m s  from t h e  crewmen and t h e  Science Team members concerned 
t h e  onboard equipment. The crewmen i n d i c a t e d  t h a t  the camera systems were not  
designed t o  obtain photographs of  t h e  w i d e  v a r i e t y  of specific features and 
phenomena requi red  t o  support  visual observa t ions .  The fol lowing add i t i ons  t o  
the v i s u a l  observat ions equipment were recommended. 

i A compact s ing le- lens  r e f l e x  camera w i t h  zoom l ens  

2. Camera imagery t h a t  con ta ins  d i g i t a l  Greenwich mean t ime and 
Ju l i an  day readouts  

%e members of t h e  Visual Observat ions Project Team a r e  l i s t e d  i n  
table  4-111 of t h i s  r epor t .  



3. An automatic recording system for l e n s  se t t ings ,  foca l  l eng ths ,  end 
frame and magazine numbers 

. Infrared scanners 

5 ,  Color c h a r t s  

7. Spectrometers with reel-time readouts 

8. Polaroid cameras 

9 .  Black-and-white f i l m  f o r  t r o p i c a l  storm photographs 

10. Remote-control cameras 

11. Collapsible o p t i c s  that could be articulated without rd te r ing  
spacecraf t  a t t i t u d e  

12, Real-time recording system for crew observations 

13. Instruments for measuring and es t imat ing  d is tances  

The need f o r  more effective l r i sua1 aids to a s s i s t  i n  determining the 
locaTion of geographic s i t e s  and features from t he  spacecraft  was a l so  empha- 
sized. Such aids would include a moving map display with filmed p r ~ j e c t i o n s  
o r  groundtracks , an image-projection device ( t o  supplement the  Visual  
Observations Book), and n ic ro f i lm o r  video c a s s e t t e s  designed for study of 
specific f e a t u r e s  o r  phenomena, 

Specia l ized  viewing aids w.>uld a l s o  be necessary f o r  cer tain d i s c i p l i n e s .  
Color chaxts ava i l ab le  on board Skylab 4 often requ i red  looking from t h e  
binoculars t o  the  chart and back, which wasxed valuable viewing t ime.  Incor- 
pora t ing  a color  chart  or co lo r  wheel in t h e  b inoculars  would save time and 
would errsure a g rea te r  degree of t*ccusacy i n  d e t e k n i n g  t h e  natural color of 
fea tures .  For i d e n t i f i c a t i o n  71 geologic features and phenomena, color c h a r t s  
such as  t h e  rock color  c h a r t s  used by t h e  U.S. Geological Survey would be 
useful .  Similarly, t h e  Forel  sca le  modified f o r  easy use would provide a 
basis for documenting ocean colors.  

Other suggestions fo r  f a c i l i t a t i n g  Earth observations for future missions 
included hi&-reeolut ion t e l e v i s i o n  cameras, wcatiler c h a r t s ,  a system f o r  
i n t e g r a t i n g  information from unmanned s a t e l l i t e s  wi th  mission inrormation , and 
headsets adapted f o r  real-time recording of  observationel data. 

The crewmen agreed that the ideal visual obse,matlons system f o r  fu tu re  
missions would incJ.ude an Eart'n observatory i n  t h e  spacecraft. Thi s  observ- 
atory could resemble a bombardierls t u r r e t  and would provide a permanent 
Earth-viewing s t a t  ion  for  performing v i sua l  observations tasks and f o r  
c o l l e c t i n g  visible, infrared,  and microwave data with s ser ies  3f ~ 5 ~ h i ~ % i -  
cn ted  sensors, The sensors  could tc o;ilrsled in y t n  n:ii-,:;r,iti,? :,:- i - 2  . ,. .: c .  ' : :. 



crewmen for o o t n i n i n ~  infoi-mation over q c c i f  i.c s i t e s  o? t , s  r r - ,  .,::-.i 'I:;: ]-;I. r;I:!:- 
nomena. In addition t o  unmanccd synoptic E a r t h  rosourccs ~ t n l r i e s ,  u t k ~ r  mis- 
sions usinf~r msn in rt..rt?. t i n e  ?.o tlet,cnr~ir,c t he  ~ : J T \ C ? ,  t -?  r r - 2 w . - ~ + , - . - ~ t 7 r ; ~ * : ? r  - .. ,. in?'c-~m,l+! 
to be obtained nna t he  conditious i'or sensing wiLi Srex tLy  iricrt:asr tile c q i t -  
b i l i t y  to acquire new knowledge of Earth resources. 


