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VEGETATION-MAPPING OF THE NATIONAL PETROLEUM RESERVE I N  ALASKA 
USING LANDSAT DIGITAL DATA 

2 / By L, A. ~ o r r i s s e y L /  and R.  A .  Ennis- 

ABSTRACT 

The g e n e r a l  v e g e t a t i o n  a s s o c i a t i o n s  of  t h e  97 ,000-square -k i lomete r  
N a t i o n a l  Pe t ro leum Reserve i n  Alaska have been mapped u s i n g  computer-  
a i d e d  a n a l y s i s  o f  L a n d s a t  d i g i t a l  d a t a .  D i g i t a l  a n a l y s i s  t e c h n i q u e s  u s e d  
i n  t h e  NPRA p r o j e c t  u t i l i z e d  s e v e r a l  computers  which made i t  p o s s i b l e  t o  
u s e  t h e  most  e f f i c i e n t  s y s t e m  f o r  e a c h  s p e c i f i c  p r o c e s s i n g  t a s k .  The 
l a n d  c o v e r  c l a s s i f i c a t i o n  scheme d e v i s e d  was based  on p l a n t  communities 
o p t i m a l l y  d e l i n e a t e d  w i t h  m u l t i s p e c t r a l  d a t a .  The t e n  l a n d  cover 
c a t e g o r i e s  i n c l u d e  wet Meadow Tundra,  Mois t  Meadow Tundra,  Moist 
Meadow-Tussock Tundra Complex, Moist Tussock Tundra, Dry Mat and Cushion 
Tundra,  R i p a r i a n  S h r u b l a n d ,  B a r r e n s ,  Deep Water ,  Sha l low and Sedimented 
Water, and  I c e  and Snow. Recommendations f o r  f u r t h e r  r e s e a r c h  and poten-  
t i a l  a p p l i c a t i o n s  f o r  maximum u t i l i z a t i o n  o f  t h e  NPRA c l a s s i f i c a t i o n  are 
d i s c u s s e d .  

L ' lormerly  w i t h  U. S. G e o l o g i c a l  Survey  Geography Program, Ames 
Research C e n t e r ,  M o f f e t t  F i e l d ,  C a l i f o r n i a .  P r e s e n t l y  employed by 
T e c h n i c o l o r  Graph ic  S e r v i c e s ,  M o f f e t t  F i e l d ,  C a l i f o r n i a .  

a ~ o r m e r l y  w i t h  U. S. G e o l o g i c a l  Survey  Geography Program, Ames 
Research C e n t e r ,  M o f f e t t  F i e l d ,  C a l i f o r n i a  ( d e c e a s e d ) .  



INTRODUCTION 

The immense s i z e ,  i n a c c e s s i b i l i t y ,  and h a r s h  c l i m a t i c  c o n d i t i o n s  o f  
t h e  North S l o p e  o f  Alaska make t h e  a c q u i s i t i o n  o f  r e s o u r c e  i n f o r m a t i o n  
v e r y  d i f f i c u l t .  V e g e t a t i o n  mapping p r o j e c t s  on t h e  North S l o p e  t o  d a t e  
h a v e  been  e i t h e r  s i t e  s p e c i f i c  o r  h i g h l y  g e n e r a l i z e d .  Vege tz t ion ,  maps 
produced by t h e  I n s t i t u t e  o f  A r c t i c  and Alp ine  Resea rch ,  U n i v e r s i t y  o f  
Co lorado ,  a s  p a r t  of  t h e  Resea rch  o n  A r c t i c  Tundra Environments Program 
(RATE) i n c l u d e  r e l a t i v e l y  small, i n t e n s i v e l y  s t u d i e d  t e s t  s i t e s  (1 :10 ,500  
and 1 : 21,000 s c a l e )  (komarkova and  Webber , 1980) . Highly  g e n e r a l i z e d  
v e g e t a t i o n  maps i n c l u d e  t h e  Major Ecosystems of Alaska map ( J o i n t  
F e d e r a l - S t a t e  Land Use P l a n n i n g  Commission f o r  Alaska,  1973) and t h e  
P o t e n t i a l  N a t u r a l  V e g e t a t i o n  Map of Alaska by Kuchler  (U.S. G e o l o g i c a l  
Survey ,  1970) .  Both maps d e l i n e a t e  b r o a d l y  d e f i n e d  v e g e t a t i o n  u n i t s  a t  
small s c a l e s  (1 :2 ,500 ,000  and 1:7 ,500,000) .  There  e x i s t s  a g r e a t  need 
f o r  a v e g e t a t i o n  map of  t h e  e n t i r e  North Slope which d e l i n e a t e s  u s e f u l  
v e g e t a t i v e  communities w i t h  a h i g h  d e g r e e  of  a c c u r a c y  and r e s o l u t i o n .  

Landsa t  d i g i t a l  d a t a  p r o v i d e  a n  a t t r a c t i v e  a l t e r n a t i v e  t o  t r a d i t i o n a l  
p h o t o i n t e r p r e t a t i o n  methods i n  r emote  and e x t e n s i v e  r e g i o n s  s u c h  as t h e  
North  S l o p e  o f  Alaska.  Two s a t e l l i t e s  i n  phased o r b i t s  s c a n  t h e  same 
185-k i lomete r - square  a r e a  on t h e  ground a t  t h e  same time o f  day e v e r y  9 
d a y s  ( T a r a n i k ,  1978) .  The r e s o l u t i o n  o f  t h e  s y s t e m  is 80 m e t e r s  b u t  
o v e r l a p  a l o n g  s c a n  l i n e s  r e s u l t s  i n  i n d i v i d u a l  p i x e l s  ( p i c t u r e  e l e m e n t s )  
m e a s u r i n g  79 by 57 m e t e r s  ( a p p r o x i m a t e l y  0.45 h e c t a r e )  . Measurements of 
r e f l e c t e d  e l e c t r o m a g n e t i c  r a d i a t i o n  from each  p i x e l  a r e  made i n  f o u r  
wave leng th  b a n d s ,  t h e  v i s i b l e  g r e e n  (0.5 t o  0.6 m i c r o n s ) ,  v i s i b l e  r e d  
(0 .6  t o  0.7 m i c r o n s ) ,  and two n e a r  i n f r a r e d  (0.7 t o  0.8 and 0.8 t o  1.1 
m i c r o n s ) .  Each s c e n e  c o n t a i n s  7.58 m i l l i o n  p i x e l s  of  four-band d a t a .  

Computer-aided a n a l y s i s  t e c h n i q u e s  have been deve loped  t o  e f f e c t i v e l y  
g e n e r a t e  maps and  s t a t i s t i c s  from *Landsa t d i g i t a l  d a t a .  S e v e r a l  v e g e t a -  
t i o n  mapping p r o j e c t s  w i t h i r ~  Alaska have u t i l i z e d  t h e s e  t e c h n i q u e s .  The 
U.S. F i s h  and  W i l d l i f e  S e r v i c e  is e x p l o r i n g  t h e  use o f  ' Landsa t  data f o r  
c o m p i l i n g  a n  i n v e n t o r y  o f  w e t l a n d s  i n  Alaska a s  p a r t  o f  t h e  N a t i o n a l  
Wet lands  I n v e n t o r y .  V i r g i n i a  Ca Aer, U.S. G e o l o g i c a l  Survey (USGS) , and 
James Morrow, J e t  P r o p u l s i o n  L a b o r a t o r y ,  have i n v e s t i g a t e d  t h e  f e a s i -  
b i l i t y  o f  u s i n g  Landsa t  d i g i t a l  data f o r  w e t l a n d  s t u d i e s .  T h e i r  s t u d y  
i n v o l v e d  s u p e r v i s e d  c l u s t e r i n g  and c l a s s i f i c a t i o n  o f  t h r e e  t e s t  s i t e s  on 
t h e  North S lope  ( C a r t e r  and Morrow, 1977,  u n p u b l i s h e d  f i e l d  t r i p  
r e p o r t ) .  The f e a s i b i l i t y  o f  u s i n g  Landsa t  d i g i t a l  data f o r  c a r i b o u  
h a b i t a t  mapping i n  w e s t e r n  Alaska h a s  been i n v e s t i g a t e d  by Lent  and 
L a P e r r i e r  (1974) .  R e s e a r c h e r s  from t h e  u n i v e r s i t y  o f  Alaska have com- 
p l e t e d  a number o f  !and r e s o u r c e  p r o j e c t s  i n  Alaska (Lyon and George,  
1979) . 1.1 con j u n c t i o n  w i t h  t h e .  Alaska S o u t h c e n t r a l  Water Resources  L e v e l  
B S t u d y ,  U n i v e r s i t y  of Alaska r e s e a r c h e r s  have completed a  r e g i o n a l  
r e s o u r c e  i n v e n t o r y  u s i n g  L a n d s a t  M u l t i s p e c t r a l  s c a n n e r  (MSS) d a t a  f o r  
s o u t h c e n t r a l  Alaska (Krebs  and  o t h e r s ,  1978) .  George and o t h e r s  (1977)  
have completed a r e i n d e e r  r a n g e  i n v e n t o r y  o f  p o r t i o n s  o f  t h e  Seward 
P e n i n s u l a ,  Alaska,  from Landsa t  d i g i t a l  d a t a .  Ecosystem u n i t s  and 
c o a s t a l  p r o c e s s e s  i n  f o u r  r e g i o n s  of  t h e  Alaskan c o a s t a l  zone have been 
mapped w i t h  Landsa t  d i g i t a l  d a t a  (Be lon  and o t h e r s ,  1975;  Miller and 



George, 1976) .  A s  p a r t  o f  NASA's Appl ica t ions  Systems V e r i f i c a t i o n  and 
Trans fe r  Program, w i th  t h e  Bureau o f  Land Management, r e s e a r c h e r s  o f  t h e  
U n i v e r s i t y  o f  Alaska and USGS have r e c e n t l y  completed a n  i nven to ry  of  
wi ld  l and  r e sou rces  i n  t h e  Denal i  a r e a  ( M i l l e r  and o t h e r s ,  1978) .  

USGS r e s e a r c h e r s  have a l s o  been exper iment ing  wi th  Landsat i n  suppor t  
. of t h e  Survey 's  n a t i o n a l  l and  use  and l and  cover  mapping e f f o r t  ( E l l e f s e n  

and o t h e r s ,  1977) . Although t h i s  n a t i o n a l  e f f o r t  re l ies  upon high-reso- 
l u t i o n ,  h i g h - a l t i t u d ~  photographs,  expe r i ence .  ga ined  by , t hose  working 
wi th  Landsat  d i g i t a l  d k t a  i n d i c a t e s  t h a t  i t  can be a r e l i a b l e  s u b s t i t u t e  
f o r  mapping c e r t a i n  J e g e t a t i v e  cover  classes i n  w i ld  land  a r e a s  a t  a 
d e t a i l  comparable t o  t h a t  be ing  ach ieved  i n  t h e  n a t i o n a l  program. 

The Nat iona l  Petroleum Reserve i n  Alaska (NPRA) is t h e  s u b j e c t  o f  a n  
i n t e n s i v e  p lanning  e f fo r t  a s  d i r e c t e d  by t h e  Naval Petroleum Reserve 
Product ion  Act of 19?,6. The USGS was r e s p o n s i b l e  f o r  compiling a re- 
s o u r c e  i nven to ry  i n  compliance w i t h  Sec t ion  105B, Environmental Impact 
Assessment. The Bureau o f  Land Management (BLM) was r e s p o n s i b l e  f o r  
S e c t i o n  105C, Land Use Study. Both e f f o r t s  r e q u i r e d  a comprehensive 
v e g e t a t i o n  map o f  t h e  reg ion .  The USGS has  mapped t h e  v e g e t a t i o n  o f  t h e  
97,000-square-ki lometer  NPRA u s i n g  Landsat d i g i t a l  d a t a .  This mapping 
a l s o  s e rved  as a p ro to type  f o r  producing USGS l and  use  and land  cover  
maps u s i n g  Landsat  d i g i t a l  d a t a  r a t h e r  than h i g h - a l t i t u d e  photographs as 
primary sou rce  m a t e r i a l .  If s u c c e s s f u l ,  t h e s e  techniques  can be a p p l i e d  
i n  o t h e r  h i g h  i n t e r e s t  a r e a s  o f  t h e  S t a t e  t o  g r a d u a l l y  b u i l d  up a series 
o f  l and  u s e  and l and  cover  maps f o r  Alaska, 

Study Area 

The Na t iona l  Petroleum Reserve i n  Alaska, l o c a t e d  on t h e  North S lope  
of  t h e  Brooks Range, is  bounded by t h e  Beaufort  Sea t o  t he  n o r t h ,  t h e  
Chukchi Sea t o  t h e  west, t h e  c r e s E  o f  t h e  Brooks Range t o  t h e  s o u t h ,  and 
the C o l v i l l e  River  t o  t h e  e a s t  ( f i g .  1) . This  l a r g e  expanse of t und ra  
i n c l u d e s  t h r e e  major phys iographic  provinces  (Wahrhaft ig ,  1965) : t h e  
A r c t i c  Coas ta l  P l a i n ,  t h e  A r c t i c  F o o t h i l l s ,  and t h e  Brooks Range. The 
A r c t i c  Coas t a l  P l a i n  is c h a r a c t e r i z e d  by thousands o f  l a k e s ,  e x t e n s i v e  
wet lands  and polygonal  ground f e a t u r e s .  The A r c t i c  F o o t h i l l s  c o n s i s t  of 
tussock  tund ra  on r o l l i n g  t e r r a i n .  The Brooks Range, wi th  e l e v a t i o n s  up 
t o  1 ,500  meters  w i t h i n  t h e  NPRA, is c h a r a c t e r i z e d  by g l a c i a t e d  .shale  and 
sands tone  outc rops  suppor t i ng  low-lying mat and cushion vsge td  t i on .  The 
fo l l owing  d i s c u s s i o n  on tund ra  ve.getation r e f l e c t s  t h e  c o n t r i b u t i o n s  of 
numerous i n v e s t i g a t o r s  ( B r i t t o n ,  1967; Spetzman, 1959; and Murray, 1978) .  

Vegetat ion of t h e  A r c t i c  Coas t a l  P l a i n  c o n s i s t s  o f  a mosaic of p l a n t  
communities t h a t  r e f l e c t  t h e  p a t t e r n s  o f  i c e  wedge c r acks  o f  polygonal  
ground f e a t u r e s .  Polygonal ground p a t t e r n s  a r e  produced by c o n t r a c t i o n  
of t h e  ground i n  response  t o  f i l l i n g  o f  t h e  c r acks  by wa te r ,  widening of  
t h e  c r acks  by f r e e z i n g  and thawing i n  succeeding  w i n t e r s ,  and incrementa l  
expansion o f  t h e  i c e  wedges (Lachenbruch, 1963) .  The s i z e  o f  t h e  poly- 
gons va ry  from a few meters t o  50 meters across. Polygonal p a t t e r n s  a r e  
t h e  s u r f i c i a l  exp re s s ion  of t h e  v e r t i c a l  i c e  wedges and a r e  of two 
g e n e r a l  types :  high-centered and low-centered polygons. High-centered 
polygons a r e  c h a r a c t e r i s t i c  of a r e a s  of i n t e g r a t e d  d ra inage  w i t h  coa r se  





materials. They s u p p o r t  m a i n l y  tussock- fo rming  s e d g e s  i n  t h e  c e n t e r  w i t h  
marsh s p e c i e s  a l o n g  t h e  t rough? .  Low-centered polygons  have d e p r e s s e d  
c o r e s  w i t h  e l e v a t e d  rims a n d  s u p p o r t  g r a s s e s ,  s e d g e s ,  mosses ,  and v a r i o u s  
f o r b s .  

Tussock cundra is  t h e  dominant community o f  t h e  A r c t i c  F o o t h i l l s  
p r o v i n c e .  Wet meadows occupy t h e  low d e p r e s s i o n s  and  d r y  meadows w i t h  
low mat and  c u s h i o n  v e g e t a t i o n  c o v e r  t h e  summits and r i d g e s .  Alder  and  
w i l l o w  t h i c k e t s  a r e  found a l o n g  major  r i v e r s  and  s t r e a m s .  

I n  t h e  Brooks Range, rock  o u t c r o p s  on mounta in  r i d g e s ,  and t a l u s  and  
r u b b l e  s l o p e s  i n  t h e  h i g h e r  e l e v a t i o n s  a r e  s p a r s e l y  v e g e t a t e d  w h i l e  d r y  
meadows occupy lower  s l o p e s  and i n t e r f l u v e s .  Wet , boggy meadows a r e  
found a d j a c e n t  t o  s t r e a m s  and  l a k e s .  Tussock t u n d r a  c o v e r s  w e l l - d r a i n e d ,  
g e n t l e  s l o p e s ,  

Herbaceous  p e r e n n i a l s  and p r o s t r a t e  s h r u b s  a r e  t h e  most  abundan t  l i f e  
form i n  t h e  A r c t i c  ( Johnson  and  T i e s z e n ,  1973).  Up t o  t h r e e  l a y e r s  c a n  
u s u a l l y  b e  d i s t i n g u i s h e d  i n  t u n d r a  p l a n t  communities. Meadow communities 
are r e p r e s e n t e d  by a s u r f a c e  l a y e r  o f  b a r e  s o i l  o r  moss w i t h  a n  upper  
l a y e r  of s e d g e s ,  g r a s s e s ,  and s h r u b s ,  Tussock t u n d r a  areas c o n s i s t  of a 
b a s e  o f  moss o r  l i c h e n ,  w i t h  a n  i n t e r m e d i a t e  l a y e r  o f  h e a t h  and f o r b s ,  
and  'an  upper  l a y e r  of  tussock- fo rming  s e d g e s  and p r o s t r a t e  s h r u b s .  The 
l a y e r s  a r e  u s u a l l y  p o o r l y  deve loped  s i n c e  t h e  t o t a l  h e i g h t  o f  t h e  v e g e t a -  
t i o n  r a r e l y  e x c e e d s  45 c e n t i m e t e r s .  

V e g e t a t i o n  is  one  o f  t h e  p r imary  components o f  t h e  A r c t i c  L a n d s c a p  
and  i t  i s  a  f a i r l y  r e l i a b l e  a n d  u s e f u l  i n d i c a t o r  o f  o t h e r  e n v i r o n m e n t a l  
and  e c o l o g i c a l  relationships. The i n t e r a c t i o n  o f  A r c t i c  p l a n t  communl- 
t ies  w i t h  s o i l s ,  s o i l  m o i s t u r e ,  d e p t h  o f  summer s o i l  thaw, d r a i n a g e ,  
ground i c e  c o n t e n t  o f  s o i l ,  and p o l y g o n a l  t y p e  h a s  been  summarized i n  
t a b l e  1. 
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L a n d s a t  s c e n e s  were s e l e c t e d  on t h e  b a s i s  o f  c l o u d  c o v e r ,  s e a s o n  o f  
the  y e a r ,  and  o r b i t a l  p a t h .  Complete c o v e r a g e  o f  NPRA was o b t a i n e d  w i t h  
p o r t i o n s  o f  t e n  L a n d s a t  s c e n e s .  Dates r a n g e  from J u l y  6 t o  August 26,  i n  
a 2-year time s p a n  (1975-1976). A l l  b u t  one of t h e  o r i g i n a l  t e n  s c e n e s  
were c l o u d - f r e e ,  and e a c h  f rame  was one  o f  a p a i r  o r  t r i p l e t  o f  sequen-  
t i a l  s c e n e s  a l o n g  a n  o r b i t a l  p a t h  ( f i g .  2). From west t o  eas t ,  frame 
o v e r l a p  was as g r e a t  as 50 p e r c e n t .  T h i s  o v e r l a y  was n e c e s s a r y  t o  c o v e r  
t h e  e n t i r e  NPRA, a n d  a l l o w e d  numerous o p t i o n s  f o r  t h e  f i n a l  mosaicking.  
One c l o u d y  s c e n e  ( c o v e r i n g  t h e  Barrow a r e a )  was r e p l a c e d  w i t h  a  c loud-  
free s c e n e  from J u l y  1977 a f t e r  t h e  p r e l i m i n a r y  c l a s s i f i c a t i o n  was 
comple te .  

Computer Sys  terns 

D i g i t a l  image a n a l y s i s  t e c h n i q u e s ,  deve loped  by USGS a n a l y s t s  a t  
NASA-Ames  Research C e n t e r ,  u t i l i z e d  s e v e r a l  computers  f o r  t h e  NPRA map- 
p i n g  p r o j e c t  ( f i g .  3) which made i t  p o s s i b l e  t o  u s e  t h e  most e f f i c i e n t  

. s y s t e m  f o r  e a c h  s p e c i f i c  p r o c e s s i n g  t a s k .  



Table  1 . - -Plant  communities i n  r e l a t i o n  t o  l a n d s c a p e  e lements .  

Depth of2 s o i l 2  Ground 1 c e 4  I c e  wedge5 
I Community S o i l  Thaw Mois tu re  ~ r a  i n a g e 3  Conten t  Polygons Soi l  ~ ~ ~ e 6  

Dry Mat and  1 1 Cushion Tundra deep  low i n t e g r a t e d  low N /4 A r c t i c  Brown 

Mois t  Tussock Tundra s h a l l o w  low i n t e g r a t e d  h i g h  h igh-cen te red  P l a n t  Tundra 

Mois t  Meadow-Tus sock 
Tundra Complex i n t e r m e d i a t e  . i n t e r m e d i a t e  i n t e g r a t e d  i n t e r m e d i a t e  high and low- Upland Tundra 

1 c e n t e r e d  

Mois t  Meadow Tundra i n t e r m e d i a t e  i n t e r m e d i a t e  impeded low low-centered Meadow Tundra 

1 Wet Meadow Tundra shallow high  impeded . low low-centered Meadow Tundra 

1 Sources:  

1 Johnson and  T ieszen  1073 

1 Webber and o t h e r s  1977 

1 E v e r e t t  1975 

4 
Hussey and Michelson 1966 

Webber a n d  Walker 1975 



~ i g u r e  2.--Index to Landsat scenes used in the NPRA analysis. 



C a l i b r a t i o n  f i l e  Geometric c o r r e c  t i o n  

TENEX EDITOR IBM 360/67 

Data compression 

I TENEX EDITOR I 
Weighted c l u s t e r i n g  

ILLIAC IV 

S t a t i s t i c s  e d i t i n g  

TENEX EDITOR 

C l a s s i f i c a t i o n  Rec l u s  tering 

1 CDC 7600 I EDITOR u 
I Idenc i f  i c a t i o n  of I I I spectral c l a s s e s  Y 
I IDIMS I 

Figure 3 .--Major processing tasks  and computer systems u t i l i z e d  f o r  t h e  

NPRA a n a l y s i s .  
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Figure 4.--Wet Meadow Tundra and Moist Meadow Tundra communities. 


