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ABSTRACT 

The purpose of t h i s  i nves t iga t ion  i s  t o  eva lua te  t he  
app l i ca t i on  of ERTS da t a  f o r  mappin, snow cover ,  p r imar i ly  i n  t h e  
mountainous a r eas  of  t h e  western Ur~lted S t a t e s .  Thy s p e c i f i c  
ob jec t ives  a r e  t o  determine t h e  spec t r a l  i n t e rva l  mst  s u i t a b l e  
f o r  snow de t ec t ion ,  t o  determine t h e  accuracy with wb,lch snow 
l i n e s  can be mapped i n  comp~r i son  with t h e  accuracies  a t t a i n a b l e  
from other  types of measurements, and t o  develop tec:.~:iques t o  
d i f f e r e n t i a t e  r e l i ab lx  Setween snow and c?o-.~ds and t o  understand 
t h e  e f f e c t s  c f  t e r r a i n  and f o r e s t  cover on snow d e t e c t i o n .  

1 .  INTRODUCTION 

m e  e a r t h ' s  snow cover i s  a resource  t h a t  d i r e c t l y  ox i n d i r e c t l y  
a f f e c t s  most of  t h e  world's populat ion.  As wr i t t en  i n  a recent  repor '  on 
t h e  needs f o r  po l a r  research (Committee on Polar  Research, 1970) : 

"Snow forms a t r a n s i e n t ,  sedimentary veneer on much of  t h e  
e a r t h ' s  land sur faces .  The d ive r se  economic e f f e c t s  of t h i s  
snow l a y e r  :re i nca l cu l ab l e .  I t  i s  a major and renewable 
hydrologic r e s e r v o i r ;  i n  many a r e a s  of  North Americ? morc 
than h a l f  of t h e  u t i l i z e d  water i s  derived from ne i t cd  win ter  
snow. Flood daiiage from spr ing  sncw melt i s  a r ecu r r ing  hazard 
i n  many r i v e r  bas ins .  The obs t ac l e s  and hazards t o  ground 
t r anspo r t a t i on  a lone  a r e  formidable . . ." 

I r  mountain a r e a s ,  such a s  t h e  southern S i e r r a  Nevada i n  Ca l i fo rn i a ,  
t h e  41ydrologic importance of  sncw accumulations r equ i r e s  accu ra t e  moni- 
t o r i n g  , f  t h e  snow pack d i s t r i b u t i o n .  A s  pointed out  by Anderson (1363), 
t h e  annual stream flow i n  t he  a r ea s  a ' acent  t o  t h e  southern San Joaquin 
Valley is  t h e  most v a r i a b l e  o f  any Ca % ' f o r n i a  watershed, due mainly t o  a 
largo v a r i a b i l i t y  i n  t h e  number and i n t e n s i t y  of t h e  win ter  storms 
cross ing  t h e  reg ion .  



In h i s  r epo r t  on t h e  management of C a l i f o r n i a ' j  snow-zone !ands f o r  
water,  Anderson d iscusses  two important c h a r a c t e r i s t i c s  of t h e  S i e r r a  
Nevada snow pack: (a) maximum a-:urnillation of snow, and (b) r a t e  .)f melt 
of snow water f ro~n  the  pack. The f i r s t  charar:er is t ic  i s  a good ind i cz to r  
of t o t a l  water y i e l d ,  and t':c r cond u f  when t h e  r e s u l t i n g  water i s  d e l i v -  
ered.  Both of these  c h a r a c t e r i s t i c s  may be r e l a t ed  i n  sclnc degree t o  t h e  
snow extent .  In a s t ~ ~ d y  using ae r i  a1 photog1 ~ p h s ,  Leaf (1969) found t h a t  
f o r  each of  t h r e e  Colorado watersheds a func t iona l  c h a r a c t e r i s t i c  e x i s t s  
between ex ten t  of snow c m e r  during t h e  melt season and accur.!ated runoff .  
He r epo r t s  t h a t  snow-cover deple t ion  r e l a t  ionsF,ips a r e  useful  fo r  d e t e r -  
mining both t h e  approximate timing and t h e  ma?;itude of  seasonal snowfall 
peaks. 

Despite t h e  eccnomic an< fcicztlfl~ irnpi .zsions of s i iGX ~ 3 1 r c ~ .  e x i s t -  
ing da t a  cot ! ~ i ' . i o n  rnerhods af ter .  ca111tvt provrde e i t h e r  t he  a e s i  re.! a r ea l  
cn7:=Lage nor  obs t rva t iona l  frequency. Except i n  1 i m i t  ed a r ea s  where . . e r l a l  
survey i s  uscd, t h e  s i g n i f i c a n t  parameter- a r e  usua l ly  measured a t  grollnd 
s t a t i o n s  o r  a t  widely s ca t t e r ed  snow survey courses.  Now, t h e  c a p a b i l i t i e s  
of remote sensing from ea r th -o rb i t i ng  s a t e l l i t e s  o f f e r  promise fo r  t h e  
development of  a a m e  cos t - e f cec t ive  means f o r  monitoring snoN cover. 

2 .  APPLICATION 3F CRTS DATA 

Considerable research has beer, c a r r i ed  out i n  recent  years  t o  d e t e r -  
mine snow survey and o the r  hydro!ogic app l i ca t i ons  of environmental s a t e l -  
l i t e  d a t a  (McClain, 1970). Through s tud i e s  performed by Barnes and Bowley 
(1970, 1972) techniques t o  map snow cover from e x i s t i n g  photographic and 
thermal i n f r a r ed  measurements have been develn~ed. These s tud i e s  have 
shown t h a t  va!u;bie 1.nformation on snow extent  can be derived from space- 
c r z ? ~  observat ions.  

Nevertheless, l i m i t a t i o n s  i n  t h e  use  of  s a t e l l i t e  systems designed 
pr imar i ly  f o r  meteorological purposes do e x i s t .  Cloud in t e r f e r ence ,  
which l i m i t s  t h e  nurnber of usable s a t e l l i t e  observa t ions ,  -emains a 
proble,n ( fo r  hydrologic purposes, however, d a i l y  snow observration i s  not  
normal ly . requi red) .  Also, s i nce  mountain regions a r e  commonly fo re s t ed ,  
vege ta t ion  e f f e c t s  may a l s o  inf luence  t h e  loca t ion  of t h e  snow l i n e  i n  
s a t e l l i t e  photographs. Of g r e a t e r  s ign i f i cance  is  t h a t  t h e  mapping 
accuracy t h a t  has been a t t a i n a b l e  from t h e  r e l a t i v c l y  poor-resolutior.  
cameras i s  only marginal f o r  optimum hydrologic use .  Now, ERTS-1 i s  
providing t h e  f i r s t  opportuni ty t o  i n v e s t i g a t e  t h e  app l i ca t i on  of  high- 
r e so lu t ion  mu l t i spec t r a l  d a t a  f o r  snow survey. Through use  of  t h e s e  
d a t a ,  many o f  t h e  previous problems can be a1 l ev i a t ed .  

Data from some 50 ERTS parses  have been received f o r  u se  i n  t h e  
cu r r en t  invest igat ior i .  These d a t a  cover var ious  mountain a r e a s  i n  t h e  
western United S t a t e s  during t h e  period from l a t e  J u l y  1972 through e a r l y  
January 1973 and t h e  r e l a t i v e l y  f l a t t e r  t e r r a i n  of t h e  Upper Midwest 
during l a t e  November and December. Aciditionally, a sample o f  ERTS d a t a  
from the Arct ic  has a l s o  been ava i l ab l e .  



Exaninstion of t h e  b1SS data  and the limited sample of RBV data has 
shown that  the  coct ras t  between snow-covered and snow-free t e r r a i n  i s  
greatest  in  the NSS-4 (0.5 t o  0 .6  urn! and !fS5-5 (C .O co O ." xi) spectr;! 
bands. The MSS-5 data appear t o  be :he most useful of the  two bands for  
snow mapping, because in some instances snow-covered areas are  ;ear sa:ur- 
a t ion in  the MSS-4 da ta ,  causing a loss of some Leta i l  in the snow pa t t e rn .  
In the longer wavelengths, especia l ly  the  MSS-7 near-I2 Sand (0.8 t o  1 .1  ~ n ) ,  
snow cover i s  more d i f f i c u l t  t o  de tec t .  Hxever ,  the  near-I!? band may 
provide useful information f o r  ce r t a in  purposes such as  detecting melting 
conditions. As d i s c u ~  -ed l a t e r  i n  t h i s  r epor t ,  !tSS-7 data  ha;e been found 
exrreaely useful f o r  s tudies  of g lac iers  i n  the Arctic.  

Snow cover can be ident i f ied  i n  the YSS-5 data because of i t s  greater  
reflectance than the  surrounding snow-free t e r r a i n .  Although snow and 
clouds have similar  ref lec tances ,  aountain snow c o v s  can be d i f fe ren t i a t ed  
from cloud primarily because the  configuration of rhe snow pat terns  r s  
very di f ferent  from cloud f i e l d s  and can be instantl!' recognized. The snow 
boundaries a l e  a lso  sharper than typic21 cloud edges, and snow f i e l d s  
usually appear with a more 1r.iform ref lec tance  than do clouds, which have 
considerable var ia t ion in  texture .  Furthermore, cloud shadows a r e  usually 
v i s ib le ,  especial ly w i t i i  cumuliform clouds, and various t e r r e s t r i a l  fea tures  
can be recognized i n  cloud-free areas.  In f a c t ,  i n  the  images fro:n the  
f l a t t e r  t e r r a i n  of the  Midwest t h a t  a re  completely snow covered, recogni- 
t ion  of t e r r e s t r i a l  features i s  the  principal  means t o  es tabl ish  cloud- 
f ree  areas. Because of the  high resolution of the  ERTS da ta ,  numerous 
t e r r e s t r i a l  features t h a t  a r e  not v i s i b l e  i n  lower resolution meteorological 
s a t e l l i t e  photographs can be recognized. In addit ion t o  natural  fea tures ,  
such mm-made features  as  roads, e l e c t r i c  power l i n e s ,  and cu1,ivated f i e l d s  
a re  detectable.  In t h e  heavily forested areas of the  Cascades, timber cuts  
are  c l ea r ly  v i s ib le .  

3 .  MAPPING OF SNOW LI?;t LEVATION 

Mean snow l i n e  elevations have been determined for  a par t  of the  
Olympic Mountains i n  Washington (for 29 J c i y  and 4 C~ptemoer) ,  the  M t .  
Rainier area i n  Washington (28 July  and 2 September), the  Three S i s t e r s  
Mountains i n  Oregnn (28 Ju ly  and 2 September), the h5i te  Mountains i n  
California (16 September, 2 1  October, and 27 November), and the  Salt-Verde 
Watershed area i n  Arizona (21 November). For each area ,  s ignif icant  
changes i n  snow l i n e  elevation occur during the  time in te rva l s  betweer. 
the ERTS observations. 

For each case analyzed, the  snow l i m i t  was mapped from the  9.5" p r i n t s  
using 3 transparent ace ta te  overlay. The snow l i n e  was located a t  the  
edge of the  brighter  area  w i t h o ~ t  regard t o  changes i n  brightness within 
the  overa l l  a rea  deduced t o  be snow covered. Altho~igh the  snow-covered 
areas i n  most of the  cases anaiyzed exhibited f a i r l y  unifom brightness,  
some var ia t ions  i n  tone were observed. The re la t ionships  between these 
variat ions and fac to r s  such 3s t e r r a i n  and fo res t  cover w i l l  be examirted 



as  the  study progresses. Also, the  accuracy of the  snow l ine  locations 
w i l l  be evaluated when addit ional  corre la t ive  snow date a r e  acquired. As 
the  snow l i n e  elevation lowers in to  the  more heavily !o;-ested areas as  
the winter progresses ( in  areas  such as the  Cascades), the  snow l i n e  may 
not be aa c lea r ly  defined a s  it i s  i n  the  l a t e  sunnner and f a l l  cases 
onalyzed so f a r .  To determine the  snow l i n e  e levat ion,  reference was made 
t o  char ts  from the  National Topogrephi: Map Ser ier  (S:ale 1:25Q1000), 
Although the  scale  of there  chart8 i s  l r rge r  than tha t  of the  9 - 5 "  ERTS p r i n t s ,  
c h r r t r  of t h i r  r c r l e  were found t o  be very uroful  f o r  nutchina the  amount of 
dota l1  i n  tho ERTS da ta ,  

Clysnpic Mountrinr (Wrahinpton) 

Ar.alyss of ERTS-1 data f o r  29 July and 4 September 1972 reveals a 
900 f t  snow l i n e  r e t r e a t  over the  eastern two-thirds of the  Olympic 
Mountains i n  northwestern Washington near 47 '45 '~  and 123°1S1~ .  The 
RBV-1 (0.475 t o  0.574 urn) da ta  f o r  29 Ju ly  (Image ID 1006 - 18313) ind i -  
ca tes  t h a t  s ign i f i ca  - t snow i s  s t  i l l  present i n  the  eastern two-thirds 
of t h e  Olympic M o ~ ~ ~ t a i n s  on t h i s  date  ( the western t h i r d  was not v i s i b l e  
ir. t hz  imagery). The snow l i m i t  mapped from the  ERTS d a t a ,  a f t e r  being 
t ransferred t o  the  corresponding topographic map, f i t s  extremely well with 
the  shape of the  5000 f t  contour throughout the  several  nerrow ridges 
comprisi>g t h i s  renion of t h e  mountain range. Maximum elevation of these  
r idges ranges from 6000 t o  7800 f t .  

Analysis of MSS-5 data  for 4 September (Image I D  1043 - 18372) shows 
t h a t  a considerable r e t r e a t  of t h e  snow l i n e  has occurred during the  
preceding f ive  weeks. The mean snow l i n e  elevation measured from a 
considerable number of points on the  contoured topographic map i s  a t  the  
5900 f t  l eve l ,  a r e t r e a t  of 900 f t  from the  previous observation. Actually, 
because the  sloges i n  t h i s  area a r s  not a s  s teep a s  i n  some other areas ,  
the 900 f t  change is  associated with e s ignif icant  change i n  snow extent .  

Mount Rainier [W~shington) 

An RBV-1 image f o r  28 July  (Image ID 1005 - 18260) was analyzed t o  
determine the  mean snow l i n e  elevation f o r  t h e  Mt, Rainier area (maximum 
elevation 14,410 f t ) .  'i'he mean elevation of 65 points along the  snow l i m i t  
fo r  t h i s  date  i s  5200 f t .  Analysis of MSS-2 data  f o r  2 September (Image 
ID 1041 - 18260) shows a considerable r e t r e a t  i n  snow l i n e  elevation.  
The mean of 45 ele-at ion points tsken from the  topographic map overlay i s  
6100 f t ,  a change of SO0 f t  s ince 28 July .  This snow l i n e  r e t r e a t  of 
900 f t  corresponds exactly t o  t h a t  measured f o r  the  same period over the  
Olympic Mountains located 100 miles t o  the  northwest. 

Three S i s t e r s  Mountains (Oregon) 

ERTS observations on 28 Ju ly  and 2 September indicate  a 1000 f t  snow 
l i n e  r e t r e a t  on the  western s l o p  and a s ign i f i can t ly  smaller r e t r e a t  of 
200 it on the  eastern slope of t h e  T!tree S i s t e r s  Mountrl.ns (near 4 4 ' ~ ~  121' 



45'W). On 28 July  the  stow l i n e  elevation mapped from the  RBV-1 image 
(Image ID 1005 - 18265) i s  a t  6000 f t  on the  western slope and a t  7000 f t  
on the eastern slope.  Fi:e weeks l a t e r ,  however, the  snow l i n e  mapped 
f r c n  thc  !lSS-5 image (Image ID 104i - 1E255) along the  western slope i s  
7000 f t  , a change of l O G O  f t  from the e a r l i e r  observation, whereas the  
mean snow l i n e  elevation on the  eastern slope i s  7200 f t ,  a change of 
on1 y 200 f t  . 

White Mountains (California) 

Analysis of th ree  ERTS-1 passes during the  period from mid-September 
through l a t e  November 1972 reveals broad changes i n  snow l i n e  elevation 
f o r  t h e  White Mountains of eas tern  Cal i fornia .  This range, w i t h  peaks 
from 12,000 t o  14,200 f t  i s  oriented ncrth-south jus t  eas t  of the  Sierras  
between 37' and 38ON a t  118 '15 '~ .  On 16 September (MSS-5, Image ID 1055 - 
18055) snow cover i s  r e s t r i c t e d  t o  the  higher t e r r a i n  a t  a mean elevation 
of 12,800 i t .  Flve weeks l a t e r  on 21 October 1972 (MSS-5, Image ID 1090 - 
18003), a dramatic lowering of the  snow l i n e  elevation has occurred, 
pa r t i cu la r ly  along t h e  western slopes.  The snow l i n e  elevation i s  7000 f t  
(mean of 25 points)  along the  western s lcpe ,  and 10,500 f t  (mean of 30 
points)  along the  eas tern  slope.  

The ERTS data  on 27 November (MSS-5, Image ID 1127 - 18064) shows, 
however, t h a t  s ignif icant  snow melt has apparently x c u r r e d  during t h e  
preceding five-week psriod.  The snow l i n e  elev3tion along the  western 
slope has receded some (1000 f t  t o  11,000 f t  (mean cf 33 points) ,  whereas 
measurements of the  eas ten:  slope show a r e t r e a t  of only 500 f t  t o  11,000 
f t  (mean of 36 points) .  Of i n t e r e s t  a l s o  i s  tha t  the  ERTS d ~ t a  show t h a t  
during the  period from 16 September t o  27 November, the  Tinemaha Reservoir, 
located west and jus t  south of the  White Mountains i n  the  Owens Valley, 
increases s ign i f i can t ly  i n  s i z e .  On the  e a r l i e r  date ,  the  reservoir  
measures 1-1/2 n.ini. north t o  south, whereas i n  l a t e  November, the  length 
of the  reservoir  has increased t o  about 2 n.mi. 

Sal t  -Verde Watershed (Arizona) 

For t h e  Salt-Verde Watershed area  i n  >rizona a e r i a l  snow survey char ts  
have been acquired for  several dates ,  beginning 14 November (through the  
courtesy of the  Sa l t  River Project Office).  Tile a e r i a l  survey procedures 
a r e  described i n  a paper by Waiskow (1971). For ecch a e r i a l  survey f l i g h t ,  
which i s  made a t  approximately two-week in te rva l s ,  an ocular est imate is 
made of the  snow depth using t h e  logs l e f t  from timber operations i n  the  
mountain areas ,  ground and vegetat ion t ex tu ra l  cha rac te r i s t i c s ,  and c u l t u r a l  
fea tures  (such a s  fences, road cu t s )  a s  indicators  of the  snow depth. Both 
t h e  a rea l  ou t l ine  of the  snow pack and t h e  observed depths a r e  recorded 
on a map overlay. Tt,e i n i t i a l  char t  has been corre la ted  with the  ERTS da ta  
from a week l a t e r  (21 November), and the  chart  of 12 January has been cor- 
r e l a ted  with t h e  ERTS data  of  14 Janua;:?. 



Analysis of MSS-5 data from 21 November (Image ID 1121 - 1733P) 
shows a well-defined snow boundary in  the  Salt-Verde Watershed, a llarrow 
mountainous area extending from 3S030'N, 113OW southeastward t o  33'45 ' , 
1 0 9 ° 1 5 1 ~ .  In t h i s  analysis  the ERTS snow l i m i t  was t ransferred t o  the  
a e r i a l  snow survey map of 14 November. Although t h i s  a e r i a l  survey snow 
l i n e  was charted a week e a r l i e r  than the  s a t e l l i t e  observation, the re  i s  
good agreement between the two, especia l ly  in  the  region from about 3 5 O N ,  
l l ? O P ~  t o  3 4 ° J 5 1 ~  - l i i o W .  Differences showirig the a e r i a l  survey snow l i n e  
some 2 t o  5 n.mi. broader i n  extent a r e ,  however, observed in  the region 
near 34ON and 1 1 0 ° 2 0 ' ~  t o  l l l O W .  As only l igh t  snow amounts (1 t o  4 inches) 
were reported f o r  50% t o  50% cf  t h i s  region on 14 November, it seems 
reasonable t o  assume tha t  t h i s  2 t o  5 n i l e  difference could well be the  
resu l t  of snow melt over the  one-week period between the  a e r i a l  and 
s a t e l l i t e  observations. The same i s  undoubtedly t r u e  f o r  differences 
observed along an i so la ted ,  narrow ridge jus t  south of 34°K near l l l o ~ ,  
whcre t h e  a e r i a l  survey indicated a t r a c e  t o  1 inch above the  6200 f t  level  
and 12 inches t o  16 inches above 7000 f t .  The ERTS snow l i n e  i s  observed 
c lose  t o  the  small area above 7000 f t  i n  the  region of s ign i f i can t ly  
g;eater snow depth. 

In the  January case (Image ID 1175 - 17324), t h e  a e r i a l  survey snow 
l i n e  a l so  cc r re la tes  well with the  ERTS snow l ine .  In f a c t ,  t h e  pr incipal  
difference seems t o  be tha t  t h e  ERTS snow l i n e  i s  nore de ta i l ed ,  implying 
t h a t  the  observer may smooth the  snow l i n e  somewhat when compiling t h s  
a e r i a l  survey snow char t .  In the  areas  where the  snow l i n e  was estimated 
ra the r  than actual ly  observed from the  f l i g h t ,  the  differences a r e  g rea te r ,  
with the  snow extent mapped from the  ERTS data  being consis tent ly  l e s s  
than tha t  depicted on the  corresponding char t .  

Analvsis of Arctic Data 

A considerable amtwnt of ERTS data over the A r c t i c  has been received 
f o r  use i n  a separate stxdy (SR126: Evaluate the  Application o f  EKTS-A 
Data f o r  Detecting and Kelpping Sea Ice) .  These data  show t h e  seasonal 
increase i n  snow cover i n  several  areas such a s  t h e  i s lands  of t h e  Canadian 
Archipelago and northern Alaska. For example, i n  l a t e  July ,  Banks Island 
i n  t h e  Canadian Archipelago is  completely snow-free; i n  l a t e  September, 
however, snow covers the  higher elevations of the  cen t ra l  port ion of  the  
islarid, and i n  l a t e  September the  e n t i r e  island is  snow-covered. With 
snow cover, r e l a t i v e l y  small-scale t e r r a i n  fea tures ,  such a s  i so la ted  
h i l l s ,  stream val leys ,  g u l l i e s ,  a n '  r idges ,  a r e  g rea t ly  enhanced. This 
is pa r t i cu la r ly  evident i n  t h e  MSS.7 band where large  di f ferences  i n  
brightness e x i s t  between sun1.t fea. .>res and shadows i n  t h e  low-sun angle 
imagery. 

In o ther  Arctic data ,  considerable d e t a i l  i s  evident i n  g lac ie r s  
located along t h e  eas t  and west coas ts  of Greenland (for example, 23 
September, ~ d e n t i f i e r  1062 - 16504). Detectable fea tures  include imbedded 
sediment t ra i l s  (medial moraines), crevassed areas,  and apparent limits 
of new snow cover over older g lac ia l  ice .  Furthermore, s ign i f i can t  



differences a r e  apparent i n  the various spect ra l  bands. Several g lac iers  
exhibit  a uniform ref lec tance  i n  the  MSS-4 band, whereas i n  the MSS-7 
band the  lower elevation port ions appear much darker than the  higher 
elevation port ions.  This d i f ference  i n  ref lec tance  i s  believed t o  be due 
t o  the existence of melt-water on the  surface of the  g lac ie r  a t  the  lower 
elevations.  

4 .  CONCLUSIONS 

The r e s u l t s  of the  analys is  of t h e  i n i t i a l  sample of ERTS data  
covering the  speci f ied  t e s t  s i t e s  i n  t h e  western United S ta t s s  indicate  
t h a t  the MSS-5 spect ra l  band (0.6 t o  0.7 pm) i s  the  most useful  f o r  detec- 
t i n g  and mapping mountain snow cover. Snow cover can be readi ly  detected 
and can be dis t inrdished fror;, c lards  because the  configuration of mountain 
snow pat terns  i s  very d i f fe ren t  from t h a t  of clouds, snow boundaries a r e  
sharper than typical  cloud edges, snow f i e l d s  usually appear with a more 
uniform ref lec tance  than do clouds which of ten  have considerable va r i a t ion  
in texture,  cloud shadows a r e  of ten  v i s i b l e ,  and t e r r e s t r i a l  features can 
be recognized i n  cloud-free areas .  A t  t he  EKTS resolut ion,  numerous 
t e r r e s t r i a l  fea tures  not v i s i b l e  i n  lower resolution meteorological 
s a t e l l i t e  data  can be detected.  In addit ion t o  various natural  fea tures ,  
man-made features  such as  roads, e l e c t r i c  power l i n e s ,  cul t ivated f i e l d s ,  
and timber cuts  a r e  v i s i b l e .  

In the  four mountain areas  f o r  which data have been analyzed or. a t  
l eas t  two d i f fe ren t  dates ,  changes i n  snow l i n e  elevation ranging from 
200 t o  as  much as  4000 f t  have been mapped. In these analyses topographic 
char ts  of a scale  of 1:250,000 have been found t o  be useful  f o r  measaring 
snow l i n e  elevation.  In two cases analyzed f o r  the  Salt-Verde Watershed 
i n  Arizona good agreemcnt i s  observed between the  location of t h e  snow 
l i n e  zs  mapped from t h e  ERTS da ta  and as  depicted on a e r i a l  snow survey 
char ts .  A s ing le  ERTS frame covering much of the  Salt-Verde Watershed 
can be analyzed i n  a few hours, whereas the  combined f l i g h t  time and 
time t o  p lot  the  a e r i a l  survey chart  is  considei'ably longer. Thus, it 
does appear t h a t  snow extent  can be mapped from ERTS data  on a cos t -  
e f fec t ive  bas is .  

Although a thorough invest igat ion of the  mult ispectral  cha rac te r i s t i c s  
of snow has not yet  been undertaken, examination of d a t a  from t h e  Arctic 
has revealed t h a t  the  mult ispectral  approach can provide information on 
g lac ia l  conditions t h a t  cannot be ascertained from observations i n  a s ing le  
spect ra l  b a d .  Several g lac ie r s  along t h e  coas ts  of Greenland exhibi t  a 
uniform ref lec tance  i n  the  MSS-4 (0.5 t o  0.6 pm) band, whereas i n  the  
MSS-7 (0.8 t o  1.1 pm) band the  lower elevation p a r t s  appear much darker 
than the  higher elevations.  This difference i n  ref lec tance  is  believed 
t o  be due t o  t h e  existence of melt-water on the  surface of the  lower 
pa r t s  of t h e  g lac ie r s  a s  opposed t o  snow cover on t h e  upper pa r t s .  
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