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ABSTRACT 

A b i n a t i o n a l ,  m u l t i d i s c i p l i n a r y  r-.szarch e f fort  i n  
I ce land  is d i r e c t e d  a t  an a n a l y s i s  of NSS i .mgery fraro ERTS-1 
t o  s t u d y  a v a r i e t y  of  g e o l o g i c ,  h y d r o l o g i c ,  oceanographic ,  
and a g r i c u l t u r a l  phenomena. A p r e l i m i n a r y  e v a l u a t i o n  of  
a v a i l a b l e  MSS imagery  of Ice land  h a s  y i e l d e d  s e v e r a l  
s i g n i f i c a n t  r e s u l t s  - some of  which may have direct importance 
to  the I c e l a n d i c  economy. I n i t i a 2  f i n d i n g s  can  be summarized 
a s  f o l l o w s :  (1) recent l a v a  f l o w s  c a n  be d e l i n e a t e d  from 
older f l o w s  a t  Ask ja  and Hekla; (2 )  MSS imagery  from ERTS-1 
and VHRR visible and i n f r a r e d  imagery  from NCRR-2 recorded 
the v o l c a n i c  e r u p t i o n  012 Heimaey , Vestmann I s l a n d s ;  
!3) c o a s t l i n e  changes ,  p a r t i c u l a r 1  y changes  z n  the psi tion 
of  bars and beac;;~? a long  the s o u t h  c o a s t  (e.g., north and 
wes t  o f  I n q 6 l f h ; j f d i ) ,  a r e  mappable; ( 4 )  a r e a s  covered w i t h  
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new and r e s i d u a l  snow can be mapped, and the appearance o f  
newly  f a l l e n  snow on ERTS-I, MSS band 7 appears  dark where it i s  
me1 t i n g ;  ( 5 )  sediment  plumes from the d i scharge  o f  g l a c i a l  
rivers a long  M e  s o u t h  c o a s t  can  be d e l i n e a t e d ;  (6) the area  
e n c o ~ p a s s e d  b y  g l a c i a l  ice (ice c a p s ,  v a l l e y  and o u t l e t  
g l a c f e r s ,  etc.) can  be mapped, i n c l u d i n g  the new --sition o f  
a surg ing  g l a c i e r ,  Eyjabakkaj i jkul l ,  and such  r e l a t e d  phenomena 
a s  n m a t a k s  and moraines; ( 7 )  the p l o t t i n g  of  changes i n  
position o f  rivers, changes i n  size of  lpkes ,  and the occur-  
rence o f  new l a k e s  a r e  f e a s i b l e ;  ( 8 )  l o w  sun-angle imagery,  
p a r t i c u l a r 1  y o f  snoar-covered t e r r a i n ,  marked1 -1 enhances the 
morphologic e x p e s s i o n  o f  c o n s t r u c t i o n a l  g l a c i a l  and 
v o l c a n i c  land forms ,  t h u s  p e r m i t t i n g  the mapp~ng  o f  p r e v i o u s l y  
unrecognized s t r u c t u r a l  f e a t u r e s  such  a s  c e n t r a l  or sub- 
g l a c i a l  volcanoes;  ( 9 )  the MSS color cam-sites w i l l  permit 
the reg iona l  mapping o f  the g r o s s  d i s t r i b u t i c n  o f  v e g e t a t i o n  
i n  Ice land;  and (10) a t  l e a s t  a t  1:250,000 map s c a l e  and 
s m a l l e r ,  ERTS-1 i a a g e r y  prov ides  a mesns o f  updat ing  v a r i o u s  
t y p e s  o f  maps o f  I ce land  and w i l l  p d t  the compi la t ion  of 
s p e c i a l  maps s p e c i f i c a l l y  ajmed a t  t h o s e  d y r h c  environmental 
phenomena which impact  on the I c e l a n d i c  economy. 

1. INTRODUCTION 

Iceland (Figure  1) is  an i s l a n d  r epub l i c  wrth a 
r e l a t i v e l y  small  population of 206,818 (1 Dec. 1971) but 
with an a r e a  of 103,000km2, r e s u l t i n g  ir, a population 
dens i t y  of 2 persons pe r  ;an2. Approximately 1 2  000km2 
of t h e  a r e a  is  covered by g l a c i e r s  and 67,000km3 i s  l akes ,  
l ava ,  sands, o r  non-produc+ive land.  Only 1,000km2 i s  
cu l t i va t ed ;  t h e  1-emaining 23,000km2 is used f o r  g raz ing ,  
p r i n c i p a l l y  by ?36,000 sheep, 53,000 c a t t l e ,  and 33,000 
Ice landic  ponies.  Living a s  t h e  Ice landers  do i n  t h e  f a r  
nor tn ,  dependent on t h e  surrounding seas f o r  f i s h  and t h e  
land f o r  a g r i c c l t u r a l  products,  t h e i r  economic well-being 
i s  heavi ly  influenced by t h e ' n a t u r a l  environment, and 
how e f f e c t i v e l y  they use  t h e  l im i t ed  resources  a v a i l a b l e  
t o  them. Much of t h e  Ice landic  s c i e n t i f i c  e f f o r t  i s  
d i r ec t ed  a t  an understanding of t h e i r  environment because 
of i ts importance t o  t h e  I ce l and ic  economy. The e f f e c t  
of volcanic  a c t i v i t y ,  t h e  impact of f requent  changes i n  
c l imate ,  t h e  condi t ion  of t h e  rangelands ( p a r t i c u l a r l y  
phenological  cons ide ra t i ons ) ,  t h e  hydrology of t h e  
country,  and d i s t r i b u t i o n  and pe r s i s t ence  of snow cover ,  
a r e  j u s t  some of t h e  dynamic environmental d a t a  which 
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Figure 1. - Index map of Iceland 



have a s t r o n g  economic j u s t i f i c a t i o n  f o r  a c q u i s i t i o n .  
The l i m i t e d  number of s c i e n t i s t s ,  t h e  amount and type  of 
environmental  d a t a  needed t o  make e f f e c t i v e  and a c c u r a t e  
d e c i s i o n s  on t h e  management of l i m i t e d  r e s o u r c e s ,  and t h e  
l a c k  of f i n a n c i a l  r e s o u r c e s  l i m i t  t h e  h c q u i s i t i o n  of 
c e r t a i n  t y p e s  o f  environmental  d a t a .  From ti:e very 
l i m i t e d  a n a l y s i s  of a v a i l a b l e  ERTS-1,MSS imagery of Ice-  
l and ,  it can be s t a t e d  t h a t  t h i s  imagery, when a v a i l a b l e  
on a t ime ly  b a s i s  and i n  a r e p e t i t i v e  manner, can p rov ide ,  
a t  low c o s t ,  t h e  environmental  d a t a  necessary  f o r  r e s o u r c e  
management d e c i s i o n s .  The remainder of t h e  paper w i l l  be 
devoted t o  a more d e t a i l e d  d i s c u s s i o n  a f  t h e  i n i t i a l  
r e s u l t s  from t h e  s e r i e s  of experiments c o l l e = t i v e l y  
e n t i t l e d ,  S a t e l l i t e  Geological  and Geophysicai Remote 
Sensing of I ce land  (Will iams,  1973) .  

2 .  VOLCANIC ERUPTIVE PRODUCTS 

Figure  2 shows t h e  Vikrahraun l a v a  f lows whick. flowed 
o u t  of a f i s s u r e  i n  t h e  Askja c a l d e r a  (45km2) dur ing  t h e  
per iod October-December 1961. The l a v a s  encompass an  a r e a  
of l l k m 2  and r e a c h  a l e n g t h  of 7 . 5 h .  Some of  t h e  f lows 
from t h e  1921-1924 e f f u s i v e  vo lcan ic  e r u p t i o n s  appear  t o  
be d i s t i n g u i s h a b l e  southwest and s o u t h e a s t  of t h e  l a k e  
(6sk juva tn ) .  There i s  a l s o  t h e  p o s s i b i l i t y  t h a t  thermal  
emission,  a s  recorded on a e r i a l  thermographs i n  1966 
(Friedman, Will iams,  and Pdlr~ason,  1968) i s  r e f l e c t e d  on 
t h e  ERTS-1 MSS image a s  snow-free a r e a s  on t h e  e a s t e r n  
shore  of  bskjuvatn .  Comparison of  t h e  ERTS-1 YSS image 
of  t h e  Vikrahraun wi th  t h e  maps publ ished by Th6rar insson 
and Sigvaldason (1962) and T h 6 r a ~ i n s s o n  (1963) and t h e  
19 6 9 , 1 : 10 0 ,0 0 0 map  lad 84.. ~erdubreici) published by 
t h e  I c e l a n d i c  Surveying Department shows t h a t  t h e  ERTS-1 
image p rov ides  b e t t e r  d e t a i l  as t o  t h e  a r e a l  e x t e n t  of  
t h e  Vikrahraun thar; any o f  t h e  o t h e r  t h r e e  maps. 

The 1970 l a v a  f lows from Hekla (Thbrarixpsqn,  1970) 
p a r t i c u l a r l y  t h e  f lows which emanated from Sudwgigar and 
flowed sou th  and southwest  for ,5.5km, car1 be d e l i n e a t e d .  
The S k j 6 l k v i a r  f lows t o  t h e  n o r t h ,  and t h e  f lows t o  t h e  
northwest  from an a r e a  southwest o f  A x l ~ r g i g u r  z r e  i n  
shadow. It a l s o  appears  p o s s i b l e  t h a t  t h e  1947-48 l a v a  
f lows on t h e  s o u t h e a s t  f l a n k  o f  Hekla can be mapped. 
The p rogress ion  of  l i c h e n  coloniza- t ion  s i n c e  t h e  c o o l i n g  
of  lava f lows may be r e p r e s e n t e d  in a d i f f e r e n t  s p e c t r a l  
r e f l e c t a n c e ,  t h u s  appear ing as a d i f f e r e n t  t o n e  on t h e  
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ERTS-1 MSS imagery. The pos i t i on  of To pgfgur (Summit 
Cra te r )  and Axlargigur (Shoulder Cra te r  ? can be mapped, 

The volcanic  e rup t ion  on Heimaey, Vestmann I s l a n d s ,  
which began on 23 Jan. 1973, was only f a i n t l y  imaged by 
ERTS-1 on 3 Feb. 1973. The low sun angle  (7O), black 
lava  and tephca,  make it very d i f f i c u l t  t o  see  a l l  but  a 
f a j n t  o u t l i n e  of t h e  i s l and  of Heimaey. White steam 
clouds,  where l ava  flows have reached t h e  s ea ,  apparen t ly  
can be seen. The main e rup t ion  plume can be seen only 
i n d i s t i n c t l y  and probably l i e s  o f f  t h e  image t o  t h e  e a s t .  
Later imagery (higher  sun angle )  w i l l  be necessary t o  map 
t h e  new c o a s t l i n e  of t h e  i s l a n d  and t h e  a r e a l  d i s t r i b u t i o n  
cf t h e  tephra  f a l l  by comparison with previously  acquired 
MSS imagery of t h e  Vestmann I s l ands  volcanic  archipelago.  
(Note: The NOAA-2 s a t e l l i t e  made a pass over Heimaey on 
25 Jan. 1973 and recorded t h e  e rup t ion  plume on both t h e  
v i s i b l e  band 0.6-0.7pm) and thermal band (10.5-12.5um) 
imagery and thermal emission from t h e  l ava  flows on t h e  
themnal band imagery. Quan t i t a t i ve  measurements of 
r ad i an t  emission a r e  being c a r r i e d  o u t . )  

3, MARIhE GEOLOGY 

Coas t l ine  changes a r e  mappable from t h e  ERTS-1 
imagery. Changes i n  t h e  p o s i t i o n  of hare  and beaches 
along t h e  south coas t  a r e  e,vide t ,  p a r t i c u l a r l y  a long t h e  d' coas t  nor th  and west of IngolfhW i. A s  more imagery 
becomes a v a i l a b l e  of o t h e r  c o a s t a l  a r e a s  of Iceland,  t h e  
imagery w i l l  be compared with  e x i s t i n g  1:250,00Q t o  
1 : 1 , 0 0 0 , 0 0 0  maps t o  show how such maps can be r e a d i l y  
upqated, wi th  ERTS-1 MSS imagery. The image of t h e  
1ngol3hWd.i a r e a  provides t h e  proof t h a t  such c o a s t a l  
changes a r e  mappable. SedimFnt plumes from t h e  discharge 
of g l a c i a l  streams which c r o s s  t h e  ~ k s i d a ~ r o ~ d u r   ax^ 
Medallandss~ndur can be mapped i n  t h e  ocean. The o i ze  of 
t h e  plumee over t ime w i l l  be compared w?th hydrograph 
records  t o  a s c e r t a i n  if t h e r e  i s  any c o r r e l a t i o n  between 
s i z e  of plume and discharge f o r  a p a r t i c u l a r  r i v e r ,  

4 .  EPHEMERAL SNOW AND ICE 

Early f a l l  snowfall  and i t s  r e l a t i o n s h i p  t o  e l eva t ion  
can be c l e a r l y  seer, on many of  t h e  ERTS-1 images of 
Iceland.  Of p a r t i c u l a r  i n t e r e s t ,  however, i s  t h e  



appearance of a l i g h t  ( ? )  snowfall  i n  t h e  St6r isandur  a rea  
(Figure 3 )  whiclr appears d i f f e r e n t l y  on MSS bands 4 
( 0 . 5 - 0 . 6 v m )  and 7 (0 .8- l . lvm).  On band 4 t h e  snow cover 
i s  more extensive than i s  portrayed on band 7 .  This i s  
because melting snow appears very dark a t  i n f r a r ed  wave- 
lengths  because of absorpt ion due t o  f r e e  water.  S imi la r  
dark a r ea s  of meltad snow can be seen i n  t h e  highland a r ea s  
around E i r i k s j o k u l l  and OkjBkull. The mid-winter snow coyer 
and i t s  absence on t h e  low-lying c o a s t a l  a r ea s  ( e  .g., Skeidar- 
Srsandur) i s  mappable. Snow-covered and frozen Lake 
Graenal6n (approx. 3km x 5km) can be de l inea t ed .  

5.  GLACIOLOGICAL FEATURES 

Glac io log ica l  f e a t u r e s  a r e  except iona l ly  wel l  por- 
t rayed on t h e  ERTS-1 MSS imagery. Figure 2 shows (black 
l i n e  on 1:500,000 s c a l e  map) t h e  cu r r en t  pos i t i on  of p a r t  
of Brcar jokul l  and t h e  new pos i t i on  of t h e  snout o f  t h e  
surging g l a c i e r ,  Eyjabakkajokull .  It should be noted t h a t  
MSS band 5 was b e t t e r  than t h e  o t h e r  3 bands i n  p l o t t i n g  
t h e  pos i t i on  of t h e  g l a c i e r ,  but t h a t  t h e  MSS c o l o r  
composite was mandatory i n  ob ta in ing  t h e  necessary map 
prec i s ion  i n  d i s t i ngu i sh ing  t h e  te rmina l  moraine from t h e  
non-glacier covered t e r r a i n .  The black and white images 
were d i f f i c u l t  t o  work with because t h e  morainal m a t e r i a l  
of t h e  terminal  moraine i s  composed of t h e  same m a t e r i a l  
a s  t h e  t e r r a i n  i n  f r o n t  of t h e  g l a c i e r ,  making only a  
s l i g h t  r e f l e c t a n c e  d i f f e r ence  between t h e  two. On t h e  
14 Oct. 1972 MSS image t h e  advancing f r o n t  of Eyjabakka- 
jbkul l  i s  very s teep ;  a  shadow c a s t  by t h e  l S O  sun angle  
enhances t h e  s t eep  f r o n t  and i s  c l e a r l y  de l inea ted  from 
t h e  t e r r a i n  which it has overridden. The l a s t  known surge 
of Eyjabakkajbkull w a s  i n  1890  (Th6rarinsson,  1964). The 
cu r r en t  surge of unknown magnitude C0.5 hi ( ? I ,  Th6rarins- 
son, personal communicatjonl s t i l l  pu t s  t h e  presen t  snout 
on t h e  MSS image a t  a r eces s ion  of 3.5km from t h e  p o s i t i o , ~  
i n  1890. 

Comparison of t h e  pos i t i on  of g l a c i a l  r i v e r s  on t h e  
MSS imagery with maps a t  s c a l e s  a s  l a r g e  as 1:250,000 shows 
many changes. The same is  t r u e  of i c e  margin l a k e s  and 
o the r  l akes  i n  Iceland.  EHTS imagery w i l l  l i k e l y  l ead  t o  
g r e a t l y  improved naps of such f e a t u r e s  and provide t h e  
c a p a b i l i t y  f o r  pe r iod i c  r e v i s i o n s .  

Early f a l l  MSS imagery o f  g l a c i o l o g i c a l  f e a t u r e s  of 
Iceland was bes t .  The bes t  h a g e  o f  M!kdalsjakull and 
Eyja fa l la j8kul1 ,  wi th  except iona l  d e t a i l  of two pf t h e  
g l a c i e r s  o f  M$rdalsjUkull, S6lhehajC))tull  ard~~&dabreh-  
jUkull (K?5tluj?5kull), is  from e a r l y  Sept.  1972 .  A-igust 
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imagery would be optimum because of t ime  of minimum snow 
cover ,  however. 

6 .  STRUCTURAL AND MORPHOLOGIC FEATURES 

A mid-winter image of  t h e  snow-covered Va tna joku l l  
and t h e  a r e a  west and sou th  of  t h i s  huge i c e c a p  i n  which 
t h e  sun ang le  was a t  7 O  shows i n c r e d i b l y  f i n e  morphologic 
and s t r u c t u r a l  d e t a i l s  o f  c o n s t r u c t i o n a l  v o l c a n i c  and 
g l a c i a l  landforms. The c r a t e r  rows, Laka Gigar i n  p a r t i -  
c u l a r ,  f i s s u r e s ,  grabens ,  e t c . ,  a r e  s t a r k l y  por t r ayed .  
Old end moraines around o u t l e t  g l a c i e r s  of  Va tna joku l l  
and Hofs joku l l  a r e  mappable. Considerable  d e t a i l  e x i s t s  
on t h e  snow-covered s u r f a c e  of  Vatnajokul l  some of  which 
d e f i n i t e l y  r e f l e c t s  t h e  under ly ing  geo log ic  s t r u c t u r e .  
The o u t l i n e  o f  t h e  Grimsvotn c a l d e r a  and t h e  summit anea  
o f  b r a e f a j d k u l l  a r e  s t r i k i n g .  Of g r p s +  in te .?es t  a r e  a t  
l e a s t  f o u r  o t h e r  c i r c u l a r  f e a t u r e s  r l  'ine i cecap .  
Two of them i n  t h e  K v e r k f j b l l  a r e a  a r t a i n l y  mark 
t h e  p o s i t i o n  of  s u b g l a c i a l  volcanoes  lr i n  s son 
(1950) shows a  p o s s i b l e  e r u p t i o n  cen t h e  upper p a r t  
of  t h e  Dyngjujbkull  a r e a ,  bu t  t h e  MSL ..age c l e a r l y  shows 
t h a t  t h e  suspected  e r u p t i o n  c e n t e r  i s  n o t  c o r r e c t l y  l o c a t e d .  
The Hveradalur thermal  a r e a  (Friedman, Will iams,  
Thdrar insson,  and P6lmason, 1972) appears  t o  be  s t r u c t u r -  
a l l y  r e l a t e d  t o  t h e  second c i r c u l a r  f e a t u r e  on t h e  ERTS 
image. Two o t h e r  c i rcu1,ar  o r  e l l i p t i c a l  f e a t u r e s  on 
Va tna joku l l ,  one a t  BBrdarbunga and t h e  o t h e r  n e a r  Hamarinn, 
may a l s o  have a vo lcanogene t i c  cause .  

I n  t h e  T o r f a j d k u l l  geothermal a r e a ,  t h e  l a r g e s t  geo- 
thermal  a r e a  i n  I ce land  (100km2), t h e  c i r c u l a r i t y  o f  t h e  
s t r u c t u r e ,  r e c e n t l y  r e p o r t e d  by Saemundssen (1969 and 1972) 
i s  por t rayed .  West o f  Langjdkul l ,  i n  t h e  T r o l l a k i r k j a  
area, a pronounced c i r c u l a r  s t r u c t u r e  may r e p r e s e n t  t h e  
p o s i t i o n  o f  a p r e v i o u s l y  unrecognized c e n t r a l  volcano i n  
T e r t i a r y  v o l c a n i c  rocks .  

7. GRASSLANDS AND FORESTS 

Knowledge o f  t h e  a r e a l  d i s t r i b u t i o n ,  h e a l t h ,  and 
growth r a t e  o f  t h e  g r a s s l a n d s  of  I ce land  i s  v i t a l l y  
important  t o  t h e  economic well-being of  t h e  a g r i c s l t u r e  
i n d u s t r y .  The v a g a r i e s  of  t h e  climate i n  I c e l a n d  (Eythdrs-  
son and Sigt ryggsson,  19711, d e ; - i s i t i o n  o f  t e p h r a  a f t e r  



volcanic eruptions (e.g., after the 1970 Hekla erl~ption and 
the 1973 Kirkjufell eruption on Heimaey), and presence and 
persistence of sea ice off the Icelandic coast all impact 
on the state of the grasslands. Considerable recl,amation 
work is directed at reseeding of barren areas (Fridriksson 
and Pdlsson, 1970) and reforestation of suitable sites to 
halt the rate of soil erosion and to provide additional 
grazing lands for sheep, cattle, and horses. A vegetation 
mapping program is currently underway to plot the vegeta- 
tion of Iceland (Thbrsteinsson, 19721, but additional, 
timely data on the health (e.g., lack of winter kill) and 
growth characteristics of the grasslands is needed for 
resource management decisions leading to the most effective 
utilization of the rangelands. A preliminary evaluation 
of ERTS-1 MSS color composites shows that vegetation 
distribution can be mapped. Seasonal imagery is needed 
before changes in the rangelands can be mapped and evalua- 
ted. It appears, howevsr, that MSS color composites will 
provide Iceland with a powerful tool to map the seasonally 
changing condition of its grasslands, condition of reseeded 
and reforested areas, and - with an operational satellite - 
provide the timely data necessary for accurate resource 
management decisions. 
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